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PEEFACE. 


This volume could not have been made interesting to ’ 
general readers without sacrificing that which I suppose 
to be its best point — namely, the large number of facts. 
Another more popular in character might perhaps* be 
made to follow with propriety. We have been wearied 
with speculations about the Air, and it seemed to me 
advisable to begin building a systematic foundation with 
experiments which may be repeated frequently, as they 
have been already repeated. The general character of 
the result has been arranged, one may say, by the ob- 
servations and thoughts of mdhy generations. StiU I 
cannot forget that when I came to Manchester in the 
last year of Dalton’s life, I was reminded of him* saying 
that chemical experiment could not distinguish the air of 
that city from the air on IJ,elvcllyn. Dalton may be 
called the father of meteorology as well of strict scien- 
tific chemistry, and the saying shows how little that 
which had been done had afiected his mind. This 
volume will make clear how different the matter stands 
at present. Chemistry has not hitherto done enough in 
sanitary enquiries, and it ought to be able to relieve 
medical men of much of their heavy responsibility, 
although no subject relating to health can be entirely 
taken«J0ut of their hands. 
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The ^methods adopted have been the simplest, having 
been forced on me' by degrees ; and, whilst the work is 
abundantly novel, it is certainly not so in the analytical 
methods employed, but chiefly in the number^ of expe- 
raeuts, the trust reposed in the mode of washing -the air, 
and seeking in the solutions for the substances suspected 
to injure it. 

As to the modes of> analysing the Solutions, I have used 
such a? were well-known for other purposes in nearly 
every case. Analytical methods of Liebig, Bunsen, 
NeSsler, and Messrs. Wanklyn, Chapman, and Smith 
have been freely employed to bring about the results ; 
and one of the most useful portions arises from the ap- 
plication to the air of the modes, devised by the three 
last-named gentlemen, of decomposing certain organic 
substances : it is a great addition to the plan of Forcham- 
mcr, of which It may be said to be a higher development. 

Most of the work, judging by the space occupied in 
the volume, has been done whilst acting for the Eoyal 
Mines Commission, or as Inspector under the Alkali Act. 
In the latter case it was undertaken voluntarily, but 
I preferred to publish it If the Annual Eeports, so as to 
raise them outvof the narrowness to which the words of 
the Act appeared to confine me, to the position to which 
those who took an interest in sanitary matters would 
gladly see them rise. The earlier part, forming the 
foundation of the whole, was done many years ago, when 
occasionally making enquiries for the Board of Health, or 
when stimulated by the ever-ready mind of Edwin 
Chadwick, C.B., who never loses an opportunity of in- 
creasing or causing others to increase our knowledge of 
matters connected with health. 
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Ohemists who have much to engage them generally 
learn to lean much on others for their 'work ; andj whilst 
I have had many assistants, I think it right specially to 
thank Dr. Theodor Eeissig and later Mr. J. W„ Gillespie, 
who conSned themselves chiefly to the laboratory, and 
Mr. George Manley Hopwood, F.C.S., and Alfred Mica 
Smith, B.Sc., who paid the greatest attention to the 
calculations and arrangements. 

If not on every point able to agree with the illus- 
trious professor under whom I learpt chemistry, and to 
whom this volume is inscribed, I trust it will be readily 
forgiven, perfectly aware as I am that if I do hold a 
different opinion on any subject it is caused in all proba- 
bility, not by a greater insight on my part, but by a less, 
which is my misfortune. 

Eight years ago a volume was advertised on air and 
water, to be written by me. The part on Water was com- 
pleted, but, as I was in the same year requested to en- 
quire into the character of the air of mines, I was obliged 
to give up attention to water for some time, and to leave 
the MS. until it was rather too old to be printed with- 
out revisal. Being much questioned on the subject of late, 

I determined to link portions of ray ^pers together; 
but for the present to confine myself to air, because that 
subject is freshest in my mind. It was believed that to 
print the papers altogether would be confusing, and 
would destroy the natural order of the subject. The 
method adopted has, however, many objections, as I 
appear to be so frequently quoting from myself. It is 
difficult to avoid every fault, and I hflpe that will be 
excusad. To write a new book from the beginning 
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seemed to be unnecessary, especially since my work had 
been scarcely published, the Government blue books 
being httle read. ' 

A sm^ll portion on water only was printed in 1865, 
afterwards more fully in 1868 ; the chief pecuUarity of 
which was the subdivision of organic matter. I recog- 
nised seven different conditions, so to speak, including the 
nitrous and nitric acids as evidence or measures of old 
organic matter. The method has been largely used, 
especially in India, r but more exact modes of obtaining 
the results have since been introduced by others, and for 
a time I have kept entirely to the study of air. 

Some people will look for ozone in this volume, but 
nothing appears regarding it ; I have not been able to 
make the projected trials ; and this work does not at- 
tempt to be historic. Many other things are left out in 
this beghmingt 

Beheving that most 6f our sanitary questions will ulti- 
mately be settled by means more or less resembhng those 
treated of here, and knowing how much there is to do, I 
feel it important that sanitary legislation should not ven- 
ture too minutely into details until such enquiries have 
been made mere numerous, relieving the subject from 
the narrowness of merely individual opinion. 
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AIR. 

• 

When we are children, air is to us nothing. A vessel of 
air is a vessel with nothing m it. Early nations thouglit 
in the same way. It was a great day for the world when 
air was found to be something material, and to be capable 
of weighing down the scales of a balance. The world had 
advanced far in other knowledge before it gave up the 
belief that water could be turned into earth and air and 
‘ everything into everything.’ It was fancied that air was 
spiritual, that it was like the life, and that if was the soul 
of the world. There was an idea that if solids could only 
become sufficiently thin and light, they would become 
like the immortals. • 

We have learnt that no amount of corporeal tenuity 
can produce mental subtlety, and thank Descartes for 
saying, although surprised that* he should find it needful 
to say at such a late period in man’s histoiy — ‘ We know 
that air can be nothing but a collection of particles of the 
third element, that it is a fluid veiy rare and pellucid.’ 

Instead of thinking it nothing, we are now inclined to 
go nearer to the other extreme. We have learnt that its 
condition as to warmth, speed, and weight, is so important 
that we appoint institutions over all the world for the 
purpose of measuring the frequent variajions, whilst the 
moisture has the most wonderful iilfluence on our lives. 
We have learnt that there are many bodies invisible as 

B 
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air; and of these there are two mainly found in the 
atmosphere, although there are others in small quantities. 
Of these latter, one, nainely, caj'bonic acid, influences all 
the neighbourhood of men and animals, and wherever 
combustion takes place, whilst hydrogen and its compounds 
are the consequence of frequent natural phenomena. 
Besides these, the increasing activity of manufactures 
brings before us prominently the fact that gases are formed 
in abundance, aSad some of tliem deleterious to plants and 
animals, being at the same time offensive to the senses. 

When we have learnt how numerous these gases are 
which may be found in the air, we have still to consider 
the number of vapours. These arise in unknown quanti- 
ties, and, we may also say, with unknown qualities, from 
the agreeable scent to the most unpleasant and noxious 
effluvium. 

Even then we have not recounted all the substances in 
the air. We know that there are solid particles. These 
consist partly of well-known, but partly of unknown sub- 
stances. We have common salt and sulphate of soda, we 
have nitrate of ammonia, and, in times, at least, lime, 
salts, and iron. We have also phosphates, and, no doubt, 
in su^ll quantities, iodides, and probably a little of every- 
thing at times, which in minute quantities the sea or the 
surface of the land may contain. 

Besides these inorganic substanegp we have the organic, 
which have come from animals and from vegetables — the 
debris of living things. 

To add to the organic substances, we have those which 
are organised, living things themselves,and capable of plant- 
ing colonieswherever they can find food and comfort. These 
latter may probably be divided into many kinds — the 
useful and the deleterious, those which promote health 
and those which bring disease. The idea of any of them 
bringing health is not founded on anything positive, but 
we can scarcely imagine these numberless forms to be all 



PURPORT OF THE ENQUIRIES. 


3 - 


useless. The idea that they bring disease is, I think, one 
well confirmed, and it ought to be the study of some at 
least of the medical profession to examine this subject to 
the utmost. I am not a medical man, but I may quote 
from a paper read in 1852 to show the purpose*! have in 
view.^ 

PURPORT OP THE ENQUIRIES. 

‘ My object is to show that there are impurities in our 
atmosphere which may be discovered by chemical analysis, 
and that the senses and general impressions are not at 
fault when they speak of the peculia^ties of a town atmo- 
sphere. I had shown in a former paper that it was not 
a mere fancy to suppose that the air of crowded rooms 
was tainted, and that it contained a substance capable of 
nourishing organic forms, and therefore in itself organic ; 
and although by no means a new idea, as may be shown 
from old writers, I consider it of importance that these 
things should not rest merely on ordinary observation, 
but should be more and more brought under the domain 
of careful experiment. * 

‘ It has often been said that w5 were unable to tell the 
difference betwixt good air of the finest mountain-side 
and the worst of the hospitals (by chemical experiment), 
or rather, we should now say, of the infected dens of large 
towns, so well described in various forms of late years to 
the public. It seemed to many^s if the eye had obtained 
a mysterious power of seeing what was scarcely capable 
of being proved to be within the domain of substance, and 
the smell had a power of observing what was more an 
influence than a positive thing.’ 

We live in air, and the air flows continually into our 
blood : no wonder, then, that we are influenced by climate, 
which means the condition of the air. When we speak 
of climate we think of the atmosphere in constant motion, 

' On the Air and Bain of Manchester, Memoirs of the Literary and 
PhUoeophical Society of Manchester ^ vol. x. 
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bringing with it different degrees of temperature and 
moisture from distant regions. It is everywhere con- 
stantly changing,, but the changes are of more frequent 
and of greater amplitude in some places than in others. 
The average condition is the climate of a place. The 
changes made by the movements of the air are numerous. 
The operations of man also are productive of changes so 
striking and so vital, that we may be said to make a 
climate for ourselves according to our mode of living. 
We rush over the world, scarcely consideripg that the air 
we inhale must change at almost every step ; and we build 
our houses, not thinking that every field has a climate of 
its* own, unless circumstances are more nearly the same 
than we can hope for in our country. In extensive tracts, 
where soil, level, and inclination are similar, such as great 
prairies or steppes, there will be few changes until the 
borders are approached, in which case contiguity of other 
surfaces will produce a variation. In England, which 
is comparatively a small country, with much variety of 
soil, it is difficult to find a place where a short distance 
does not produce some”change ; and in Scotland, a still 
smaller and more varied country, the diflerences of climate 
are even more striking. Indeed every farmer studies his 
land in this respect; and the fields are devoted to various 
purposes, according to climate as well as soil. 

We are compelled daily to consider the relation of the 
size of our rooms to the number of those within them, if 
we are to live in health ; those who neglect this suffer 
severely. Our towns have to a great extent been built 
without public recognition of the great fact, and we suffer 
as a nation by acts that we know to be irrational in private. 

We are exposed to great changes of climate arising 
from the conditions of our civilisation ; and although we 
cannot effect qomplete alterations, it is pos.sible to do 
something. To learn the method, we must by careful 
observation ascertain how we are affected. Whe would 
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have thought that persons living in a swampy district 
could be cured of ague, and regain their steadiness of 
muscle, by simply putting drain-pipes under the soil 
around them ? Who would have thought that cold, 
bracing weather, which is popularly supposed to be 
healthy, would be so deadly to many, as is shown by the 
Eegistrar General’s reports ? But so it is, and we despise 
less than before the instinct that shrinks from cold. Who 
would not be surprised at the meteorologist watching the 
fluctuations of his barometer, remarking, ‘ This is a dread- 
ful night somewhere, and wrecks, must even now be 
taking place’? But the admitted correctness of such 
inferences and their practical utility show the value* of 
observations of the barometer, thermometer, and hygro- 
meter, and of the wind and rainfall 

It was with the desire of clearing the mystery- of air 
to some extent that T have devoted so much of my time 
to the subject; and now I feel that whibt I have suc- 
ceeded in doing much of that which I intended to do, I 
have not got beyond the limits which eaflier observers 
attained by the mere fineness oT unaided sense, and by 
sound reasoning without experiment. Still I hope I 
shall be found to have put their suspicions into plainer 
language, proved that which they only imagined, and 
given in detail that which they only in a general, and we 
may add, in a vague manner, had attained. 

It is not my intention to give much historical matter. 
The history of our knowledge of air would make of 
itself a volume, and it might be a very interesting one, 
and almost amusing. It must stand by itself. It will be 
enough here if I give conclusions arrived at by my own 
experiments as a rule, making occasionally very slight 
deviations in order to bring in the opinions of others 
when they seem necessary for the elucidation of the 
subject. • 

Cireumstances led me to approach the subject chiefly 



from a chemical point of view, with the occasional use of 
the microscope, because the condition of our knowledge 
at the time when I began the study pointed distinctly to 
the use of chemical experiment, and the microscope as 
the means of advance. 

When the great discovery was made that oxygen was 
a part of • the air and was that which was required for 
breathing, men imagined the secret of health to be at 
length attained. Wholesome air was held as that which 
contained much oxygen or vital air. Many experiments 
destroyed this hope of happiness to man ; he found that 
no air in nature did contain more than 21 per cent, of 
oxygen, or at most only a slight trace above this, and 
that none contained much less, and that if it did contain 
more, its virtue was limited, since even oxygen itself 
was no panacea. Infection might exist even where 
there was the full amount of oxygen, and it might be 
absent where the quantity was below the average, this 
state of things occurring in many situations when arti- 
ficial conditions interfered, such as want of ventilation, and 
also in natural conditions where gases are formed, which 
require to be removed by currents. As an example of 
this, ^ye have the gases froA the dying vegetation, and the 
endless amount formed over much of the earth and in 
the sea itself by the destruction of life and the incessant 
activity necessary on water and land, to remove the refuse 
And to make the way smooth for the living. 

Many persons have examined the air, and it will be 
seen that many restdts have been attained ; but latterly 
these have been veiy much alike, and it may be supposed 
that the question might be allowed to rest. The rougher 
work was done and done well, but Eegnault began to 
refine it. He first showed the fine distinctions in the 
amount of oxj^en in pure and tainted air. My work 
has been, so far as the gases are concerned, to carry this 
out further and to give minute details. These show that 
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the mountains and great plains have an atmosphere 
different from that of cities ; everybody knew this, but 
there is shown also the amount, of difference. It is true 
that in figures this appears small, but what is the mean- 
ing of small ; if we measure size by percentage, it will 
appear small, but still smaller will appear the strychnine 
that destroys us if we estimate the amount as. a percent- 
age of the weight of our bodies. 

The details will be given, but the general result of many 
analyses will be seen in the following tables. Under the 
head, constitution of the atmosphere, will be included the 
experiments of others. Here follows an abridgement of 
the results obtained : — * 


Oxygen in the Air. 

(Per cent., or, if read as whole numbers, per million.) 


Volume 
per cent. 

N.E. aea-shore and open heath (Scotland) . . . 20-9990 

Tops of hills (Scotland) 20*9800 

In a suburb of Manchester in wet weather • . . 20*9800 

„ „ „ . . . • . 20*9600 

St. John’s, Antigua . . • • • • • • 20 9500 

In the outer circle of Manchester, not raining . . 20*9470 

Low parts of Perth 20*9350 

Swampy places, favourable weather, France and 

Switzerland 20*9220 to 20*8500 

In fog and frost in Manchester 20*9 1(X) 

London, open places, summer . . • . . 20’95(X) 

In a sitting-room which felt close, ^ut not excessively so 20*8900 

In a small room with petroleum lamp 20*8400 

Ditto, after six hours 20*8300 

Pit of theatre, 11.30 p.m. 20*7400 

Gallery, 10.30 p.m 20*8600 

About backs of houaas and closets .... 20*7(X)0 
In large cavities in metalliferous mines (average of 

many) 20*7700 

In currents 20*6500 

Court of Queen’s Bench, February 2, 1806 . . 20 6600 

Under shafts in metalliferous mines (average of many) 20*4240 
In sumps or pits in a mine „ ., 20*1400 

When candles go out ^ . 18*5000 

The worst specimen yet examined in a mine . 18*2700 

V%)'y didicult to remain in for many minutes . 17*2000 
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Here it is seen that all the atmosphere in open places 
has a similar amount of oxygen, and the differences take 
place in the second decimal place. Still there are differ- 
ences ; suppose that instead of calling the last four numbers 
decimals we read them as whole numbers, we shall have 
209,990 in a million, and so on. 

This table proves distinctly the diminution of oxygen 
in places where the air is breathed, and it proves also 
that the analysis of air by estimating the oxygen is an 
important addition to a knowledge of its purity. The 
exaggerated amounts of oxygen at one time imagined are 
not found, but the necessity for attending to small dif- 
ferences is abundantly proved. 

Carbonic acid exists in very small quantities in the 
atmosphere, but it increases around animals, and according 
to circumstances increases or diminishes around plants. 
The following is a summaiy^ the particulars being else- 
where given. 


^ Carbonic Acid in the Air, 

(Per cent., or, if reaC as whole numbers, per million.) 


Volume 
per cent. 

In mines — largest amount found in Cornwall . . . 2*5000 

Average of 339 analyses . *7850 

In theatres; worst partS; as much as *3200 

In workshops, down to . . • *3000 

About middens . . . *0774 

During fogs in Manchester . . *0679 

Manchester streets, ordinary weather *0403 

Where fields begin .... *0369 

On the Thames at London . . *0343 

In the Ijondon parks and open places *0301 

In the streets . . * . , . *0380 

On hills in Scotland from 1,000 to 4,406 feet high *0332 

At the bottom of the same hills . *0341 

Hills below 1,000 feet . . , *0337 

„ between 1,000 and 2,000 feet . *0334 

„ between 2^000 and 3,000 feet . *0332 

„ above 3,0(fe feet . • *0330 


It would be interesting to know what is the constitution 
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of the air in various seasons of the year, and over various 
lands and crops, as well as amongst the crops, and in 
forests. • « 

It will be observed from the table, that the amount of 
carbonic acid does not fall below 0*03. Small# values 
have, however, been observed in plains. When the 
oxygen rises high, the amount may be considered correct, 
even when the percentage is volumetrically wrong. For 
example, let some of it be as ozone : the Condensation of 
the ozone would produce a result greater than 100. The 
amount of nitrogen is generally calculated from the re- 
mainder, and not directly estimated. It may turn out 
that, by following this clue, we may obtain a mode of 
analysis of the air for ozone, if it is condensed oxygen. 

Some people will probably enquire why we should 
give so much attention to such minute quantities — 
between 20‘980 and 20-999 — thinking these small dif- 
ferences can in no way affect us. A little more or less 
oxygen might not affect us ; but supposing its place occu- 
pied by hurtful matter, we must not look oil the amount 
as too small. Subtracting 0-980 from 0-999, we have a 
difference of 190 in a million. In a gallon of water there 
are 70,000 grains: let us put into it an impurity the 
rate of 190 in 1,000,000 ; it amounts to 13-3 grains in a 
gallon, or 0-19 grammes in a litre. This amount would 
be considered enormous if it •consisted of putrefying 
matter, or any organic matter, usually found in waters. 
But we drink only a comparatively small quantity of water, 
and the whole 13 grains would not be swallowed in a day, 
whereas we take into our lungs from 1,000 to 2,000 gallons 
of air daily. The detection of impurities in the air is 
therefore of the utmost importance, and it is only by the 
finest methods that they can be ascertained in small 
quantities of air, even when present in sjjch quantity as 
to prove deleterious to health. • 

We must remember also that the blood receives the air 
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and such impurities as are not filtered out in its passage, 
whilst it is the stomach which receives the water we drink, 
and that organ has for .many substances a power of dis- 
infection and destruction which blood does not possess. 
If by itihalation we took up at the rate of 13 grains of 
unwholesome matter per day — half a grain per hour — we 
need not be surprised if it hurt us. Such an amount is 
an enormous dose of some poisons, and yet this is not 
above one twO-thousandth part of a grain at every in- 
halation. It is marvellous what small amounts may affect 
us, even when, by repeated action, they do not cumulate 
as certain poisons do. The carbonic acid numbers might 
have been used instead of the oxygen numbers, with the 
same result. On the actual effect of carbonic acid there 
are separate experiments ; but its amount, as given, is an 
important index to the state of the air. The organic 
matter is the dangerous agent, but not all organic matter ; 
some probably may be wholesome, some neutral, and some 
putrid, but the most dangerous seems to be the organized, 
existing as ‘minute germs, and perhaps as full-grown 
plants or animals also.* 

We began by assuming very small shades of difference, 
namely, 190 in a million ; but if we examine the table, we 
find much greater amounts. Take, for example, the pit 
of a theatre : we have, by subtracting 20’74 from 20'999, 
a difference of 2,590 in & million, or 14 times more. And 
so on we may go to the loivest, where we have 17'2 which, 
taken from 20-999, leaves 3-799, or 37,990 in a million, 
or 200 times more than the first example. The con- 
clusion to be drawn from all this simply is, that we cannot 
make the analyses too minutely, and that every deviation 
from the standard of purity is to be observed and con- 
sidered. 

After finding carbonic acid and oxygen, we have been 
accustomed to take the remainder as nitrogen. It would, 
however, be well to know if there is really any tendency 
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in nature to keep up a definite amount of nitrogen. We 
know nothing that can diminish or increase its amount 
directly to any appreciable extenh; and when the amount 
of oxygen is diminished by breathing, the space is filled 
up by carbonic acid, leaving the same propoition of 
nitrogen as before. K, however, this carbonic acid is 
washed out or absorbed, we have at once air with increased 
nitrogen, but diminished oxygen. This may be supposed 
to happen when rain washes carbonic acid’out of the air 
of towns, as in a perfectly tight chamber, the cai‘bonic 
acid formed by breathing is absorbed by lime. Then the 
nitrogen increases proportionately, the oxygen diminishes 
really, but the air is kept for a long time in a state pleasant 
to breathe. It is found, however, that in towns when the 
rain washes out the carbonic acid, the oxygen is greater 
than before. In such cases the rain probably makes an 
exchange ; it absorbs the one, and gives out the other. 

It is interesting to examine how far this action may be 
carried. Some of the analyses gave more than 21 per 
cent, of oxygen. This number is not given among the 
averages, which form the summary. It is usual to think 
this a mistake, but it may not be so : as nature has evi- 
dently a mode of adjusting differences, certain poBtions 
of the air may have at times a greater stock of oxygen 
for the purpose. The purity of air may be considered 
as favourably affecting the sarfitary state of the more 
moist counties ; but the actual* increase of oxygen there 
is not proved. We may suppose that as pure water 
dissolves air with a greater amount of oxygen in it than 
common air, the pure air may give out some in falling. 
In that case, we require to suppose that the amount 
abstracted from the upper regions of the air renders the 
proportion smaller. This would explain the fact that a 
smaller amount is found on the tops of mountains. We 
have in vegetation a source of oxygfen at certain seasons, 
and also in animalcular life ; but this would not be avail- 
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able to produce the result on a sudden m a town during 
rainfall. The formation of ozone in the upper atmosphere 
does not give us more oxygMi ; we obtain only a more 
active condition of that element. The formation of ozone 
at the Surface, and of nitrous gas also, by evaporation, 
affect, in conjunction with the elimination of oxygen by 
organisms, the supply of that which may be removed. 

Having shown that the atmosphere does differ accord- 
ing to circumstances, and that the chemist can put some 
of these distinctions into clear language and measure them 
so finely as to be ajile to express them by figures, we may 
proceed to more minute details regarding the gases, and 
from them to another class of substances still more subtle 
and difiicult to discover. 

GASES OF THE ATMOSPHERE. 

The air is well known to consist of two gases chiefly, 
with a third a very small change in the amount of which 
affects us. 'It has been found that the air of ^11 places 
has a similar composition, as we might suppose from the 
constant mixing which takes place by means of currents 
always in action, although sometimes to a small extent 
only. On the first discovery of oxygen by Priestley 
we could of course have no idea of this uniformity of 
composition ; and even he believed that he had proved 
the variations ‘ to be equal in amount to 6 per cent.’ At 
one time he detained 20 per cent, of oxygen, but he did 
not seize the idea forcibly. Scheele found from 20 to 30 
per cent., and others stiU greater variations ; but it was 
left to Cavendish to show that the differences were very 
small, and this he did by making five hundred analyses. 
He arrived at the conclusion that 20’833 per cent, of 
oxygen is the ,raean amount, and that the composition is 
constant.^ 

^ See Dr. George Wilson’s Ztfe of Cavendish, 
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This step made by Cavendish led as to a great and 
broad landing-place — a place of rest after the toil of 
mounting a long stair. It was a work of the highest 
class, and worth the lifetime of a great man, although it 
by no means occupied all his. It was, however, ^fficult 
to believe in absolute identity of composition, and other 
chemists, from time to time, examined the subject. It 
will be necessary here to give attention to their labours ; 
we shall learn by what slow stages our knowledge has 
grown, and how carefiiUy the works of every man have 
been examined by his successor. Every generation adds 
to the accuracy, but, as time advances, the errors to be 
corrected become smaller. Instead of correcting a dif- 
ference of 6 or even as high as 20 per cent., we now 
come down to fractions which may be said to have left 
the first decimal place and taken their stand in the 
second. 


Tables of the Amount of Oxygen in Air, Results obtained by 
various observers. • 


Oxygen, 
per cent. 

Gay-Lussac and Humboldt, after many experiments, 
which gave from 20*D to 21*2, settled on a mean of . 21-0 , 

Gay-Lussac himself gave as a mean of the air from 
mountains and from Paris 21*49 

r 21*08 
20*98 
21*03 
21*03 
21*13 
21*15 

De Saussure examined the air at Chambeisy and found 

20*98 
21*086 
21*006 
21*1 
21*0 
21;04 

. 21 ^ 


Mean 
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Berthollet found 



Oxygen, 
per cent. 

. 21*06 

Thom. Thomson • •• • • • 



. 21*0 

Davy ....... 



. 21*0 

Vog^l found on the Baltic 



. 21*69 

Herdlbstiidt do. ... . 



. 21*6 

Dalton^ at Manchester .... 



. 20*7 

Jf .... 



. 20-8 

„ „ (in a N.E. wind) 



. 21*16 

f> jf .... 



. 20 0 

yf < ft • • . . . 



. 20*73 

ff ff • . • • 



. 20-86 

ff ff .... 



. 20-96 

Doyere found 


20-6 

to 21-6 

llegnaiilt gave as tife result of 100 specimens 
Paris 

in 

20 913 

20*999 

0 from Lyons and around 


20*918 

20-966 

30 „ Berlin 


20*908 

20-998 

10 ,, Madrid 


20*910 

20*982 

23 „ Geneva and Switzerland 


20*909 

20*993 

15 „ Toulon and Mediterranean . 


20912 

20*982 

5 Atlantic Ocean .... 


20*918 

20-966 

1 „ Ecuador 

2 Pichincha, higher than Mont Blanc 


20*949 

20-960 

20*981 

Mean of all foregoing 


20-949 

20-988 

Mean of the Paris specimens^ 20-96. 



# 


Bunsen’s analyses of air at Heidelberg are as fol- 
lows: — 


Oxygen. 


Oxygen. 

per cent. 


per cent. 

20970 


20*927 

20 963 

w 

20*919 

20*927 


20*880 

20*914 

Q 

20*921 

20*960 


20*892 

20*906 


20*840 

20*943 


20*869 

20-927 


20*926 

20*934 


20*940 

20*928 


20*937 

20*911 


20-962 

20*889 


20*963 

^20*928 


20*964 

20*927 


20*960 


Average . . 20*924 Lowest , , 20*840 
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' Oxygen 

per cent. 

K. F. Marchfind finds .... 20*9 to 21*03 
Mean . . • , • . » . . 20*97 

Graham gives 20*9 

Liebig gives 20*9 ^ 

Of the later men Regnault has made the greatest 
number of analyses; no man can doubt his power of 
analyzing well ; he is famous for his laborious accuracy. 
Probably his analyses represent most nearly the true 
composition of the atmosphere. The analyses made by 
Bunsen deserve equal respect : he is. also a man famous 
for the minute accuracy of his details, and I would not 
for a moment put him second to Eegnault or to any 
man; both stand before us as the best specimens of 
chemical investigators — both living, and in their prime. 
This is a strong argument for preferring their work to 
the work of chemists of a past generation. These two 
have greatly improved the methods of analysis. Still I 
prefer to take Eegnault’s results, because they are 
obtained by a more extensive enquiry. Perhaps the 
court of the laboratory where Buiisen obtained his speci- 
mens may have contained less oxygen than the purest 
air; at any rate, we cannot doubt Bunsen’s accuracy, 
especially when he gives us these as model analyses. 
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Analyses made by. various Methods. 

The earliest analyses* were made with gases soluble in 
liquids.^ Nitric oxide united with the oxygen of the air ; 
and the resulting compound was absorbed. But, taking 
all together, they agree with the latest results as well as 
can be expected. If we examine the results obtained by 
weighing, we ,find remarkable differences. It would be 
difficult to illustrate this difference more clearly than by 
the analyses of Lewy. When he used the balance he 
found — 


Air of ike German Ocean. 



Sky. 

Oxygen. 

2nd August, 1841 

Covered 



20-459 

3rd do. . ... 

Fine . 



20-423 

3rd do. ... 

do. . 



20-460 

4th do. ... 

do. . 



20-432 

22nd May, 1842 

Covered 



20-884 

22ad do. ... 

Fine . 



20-911 

23rd do. ... 

Covered 



. 20-893 

24th do. . . ^ . 

do. 



21-010 

24th do. ... 

do. 


• 

20-839 


Air of Guadaloupe, 





Oxygen in 
100 vol. 

Petit Canal 

20 Nov. 1842 . . 

Calm . 

20-839 

do. ... 

20 

do. . . 

Calm . 

20-821 

do. ... 

21 

do. . . 

Fine . 

20-848 

do. ... 

23 

do. . . 

Covered 

20 929 

do. ... 

23 

do. . . 

Calm . 

20-667 

Mangrove on the River Sal4e 

27 

do. . . 

Calm . 

20-839 

do. do. 

28 

do. . . 

Fine 

20-604 

do. do. 

28 

do. . . 

. • . 

20-622 

Petit Bourg 

?0 

do. . . 

Fine . 

20-802 


When he used explosion by hydrogen, his results were 
as follows : — 
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Lewy's Analyses of the Air of the Atlantic Ocean, Varhonic Acid in 
1,000 parts, {Annales de Chimie et de Phys, vol. xxxiv. 1852.) 




- 1 

Each a mean of three 
Analyses. 

• 

1847. 


Carbonic 
Acid per 
1,000., 

Oxygen 
per cent. 


1 Dec. 

Cloudy . . . 

0'4881 

21-06170 

We, left Havre on the 
26th November. The 
■weather was wet, and 
remained so all the 
time we were in the 
Channel. 

4 Dec. 

Clear . . . 

0*3338 

20-96321 


8 Dec. 

A little cloudy 

0-5497 

21-06946 

54 leagues from Madeira. 

17 Dec. 

Clear . . . 

0*6771 

21-06030 

30 leagues south of 
tropics. 

18 Dec. 

1 Do. . . . 

0-3346 

20-96139 

Middle between Africa 

18 Dec. 

A little cloudy 

0-6420 

21-06099 

and America. 

19 Dec. 

Clear . . . 

0-3388 

20*96074 

Sea phosphorescent. 

26 Dec. 

Do. . . . 

0-6288 

21-06889 

28 Dec. 

Do. ... 

0-6093 

21-06686 


30 Dec. 

Do. ... 

0-6143 

21-06789 


31 Dec. 

Do. . . • . 

0-3767 

21-01114 

Entering port of Santa 
Martff. 


Air of New Granada, 


Locality. 

1848. 

Weather. 

Mean of three 
Analyses. 

^ 

Caj-bc)ni( 
acid per 
1000. 

’ Oxygen 
per cent. 


Santa Marta . 

26 Jan. 

Clear . 

0-4616 

21-02379 


Mompox . 

7 Feb. 

Do. . . 

0-3147 

21-04936 


Rio Magdalena 

18 Feb. 

Cloudy 

0-3259 

21-03222 


Rio Magdalena 

3 Mar. 

Covered 

0-4664 

20-99826 


Honda 

29 Mar. 

Very cloudy 

0-3226 

20-99237 


Ambalema 

6 Apr. 

Clear . 

1-1203 

20-54833 

Suffocating hot; 
wood burning 
near. 

Esperanza 

2 Aug. 

Do. . 

2*4476 

20-33076 

Do. 

G uaduas , 

2 Aug. 

Cloudy 

0-3068 

20-9969t 


Santa Ana 

2 Aug. 

Clear . 

1*2333 

•20-64479 

Do. 

Bogota 

6 July 

Do. . . 

0-4994 

21*03196 


MontseiTtt 

8 July 

Cloudy 

0*5215 

20-98995 ] 

Rain beginning. 


C 
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Lewy's Analyses of the Air of Bogota^ 2»645 metres above the Sea* 




Carbonic 
acid in 
1000 parts. 

Oxygen 
t in 100 . 
parts. 


1850. 

7 Mar. 

Clear . 

0-3864 

21*02099 

Fine. 

12 April 
8 May 

do. . 

0-3664 

21*00382 

After rain. 

Covered 

0-3609 

20*99032 

Wet. 

9 May 

do. . 

0-3824 

20*99250 

Wet. 

lo June 

do. 

0*4192 

20*99506 

Less wet. 

24 July 

Clear . 

0*4249 

21*01765 


19 Aug. 

Cloudy. 

0-6043 

21-01411 


23 Aug. 

Clear . 

0-4812 

21*01826 

Very fine. 

1 Sept. 

Cloudy. 

0*0178 

21*02434 

2 Sept. 

Clear . 

0*7649 

21*01700 


2 Sept. 

Cloudy. 

1*6291 

20*96629 

i The upper part of Montserrat 

2 Sept. 

do. . 

1*7040 

21*03011 

was covered with clouds, 

3 Sept. 

Clear . 

1*5853 

21*01976 

and a white veil descended 

3 Sept. 

Cloudy. 

4*8963 

21*03176 

from the mountain. Many 

3 Sept. 

do. . 

4*9043 

21*08197 

persons became ill. Thinks 

4 Sept. 

do. . 

1*3261 

21*02927 

the carbonic acid due to a 

4 Sept. 

Covered 

0*8648 

21*00365 

wind called Las Quemas. 

8 Sept, 

9 Sept, 

Cloudy. 

2*2829 

21*02097 

After rain it disappeared. 

do. . 

0*7612 

21*03082 


10 Sept. 

Clear . 

0*4583 

21*03199 


12 Sept. 

Cloudy. 

0*4709 

21*02689 


3 Oct. 

do.» . 

0*4761 

21*02377 

• 


It would appear as if M. Lewy obtained botli gases 
slightly in excess ; but it is not well to attempt to be 
quite certain on this point. 

Dumas and Boussingault together obtain also loss 
oxygen than in the abbve analyses by ex[)losion ; they 
used weights; and they- also are men who stand, like 
Eegnault and Bunsen, in the foremost rank. 



Oxygen 
per cent. 


Paris . 

20*810 

Dumas and Boussingault. 

Brussels 

20*866 

M. Stas. 

Geneve 

20*784 

M. Marignac. 

Bern . « . 

20*757 

M. Brunner. 

Faulhom . ^ 

20*773 


Groningen . 

20*793 

Verver. 

Copenhagen 

20*811 
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In looking over the analyses already presented, some of 
them means of hundreds, and the whole representing many 
years of labour, we see at once how many give the amount 
of oxygen to be above 20*9. As a rule those numbers 
which fall below 20*9 represent air from cities and less 
pure places or from high mountains, or they have been 
obtained by weighing the oxygen, a method which seems 
always to give lower results. Take the conclusion of 
Cavendish, wonderful at the time, that the average was 
20-833, we are surprised at the accuracy of the man who 
used a method by which no one now aeems able to obtain 
any reliable results. It cannot be supposed to take from 
the honour of Cavendish, if we add one-tenth of a per 
cent, to his figures after sixty years of scientific activity 
has made that apparatus the plaything of boys which in 
his time a philosopher could scarcely handle. lie used 
acid liquids ; and how easy it is to lose a fraction of a 
per cent, every man who has worked with gas must know 
and feel most keenly. If, however, anyone ^shall object 
to this reasoning, we must put up against him Saussure, a 
man using the same method ; anJ we find his average 
much higher, viz. 21-05. This also is strengthened by 
the labours of Gay-Lussac, Benhollet, Thomson, Dhvy, 
and Humboldt, all men to whom we must attend. Caven- 
dish could not decide that the London air differed from 
that of the country. (See Dr. Wilson’s ‘ Life of Cavendish.’) 

Dalton laboured long on gases ^and although Iiis thoughts 
were generally greater than his experiments when a theory 
could be found, few men could so persistently labour out 
the facts when no theory existed. On the composition 
of the air of Manchester he is moderate, and, it seems to 
me, just. 

Dumas and Boussingault in conjunction, and also 
Brunner, gave results by weighing the oxj^en. The air 
was conveyed in bottles, and the bottles themselves were 
filled by* sending them free of air, and allowing the air for 

C2 
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analysis to flow in. There are objections to this method. 
It is extremely dependent on the accuracy of the apparatus 
used, and, if I am at Ull right in my judgment, the ten- 
dency is to diminish the amount of oxygen ; for although 
the specific gravity of nitrogen does not differ greatly from 
that of oxygen, it does differ, and is lighter. At any rate 
I believe the list of analyses given to be a fair represen- 
tation of the work done. They may be taken as the 
evidence of the scientific world on the subject. 

Eegnault’s analyses are very beautiful, and the unifor- 
mity of his results .predisposes us strongly in their favour. 
Their number comes in to increase their importance. 

Another reason why I admire the results of Eegnault 
is one of a kind which affects all men, and which may be 
excused. They agree with my own, made in an open 
part of Manchester. His results are 2P'913 to 20-99 for 
Paris ; and all the numbers he made are above 20-9 until 
be comes to unwholesome places with putrid waters. A 
similar reasonleads me to believe in the analyses by liunsen, 
supposing the air he took not to be the best, an'd those of 
Dalton made in Manchester, as I found like results when 
air from close places was examined. Those of Dr. 
Frafikland are also corroborative. 


Air deviating from the adopted Standard, 


(Aik 

from Heights.) 

Oxygen 

Dalton .... 

. Ilelvellyn , 

. 20-64 

n .... 

. ,, 

. 20-63 

From a height of 9,6(X) feet 

. . . 

. 20-7 

„ „ 15,000 „ 

. 

. 20-62 

Brunner .... 

, Faulhom . 

. 20-91 

Boussingault . 

. 548 metres high . 

. 20-7 

,, ... 

. Santa F6, 2,643 . 

. 20-65 

Air brought by Green from 

a height of 11, SCO feet 

. 21 

Frankland 

. Chamounix 

. 20-894 

It * • • 

. Top of Mont Blanc 

. 20-963 

tf * J * 

, Grands Mulcts . 

. 20-802 

Berger .... 

. Jura and other mountains . 20*3 

to . 

. 21-63 

Coniigliachi 

. Simplon 

. 21 


Mean . 


20-818 
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Leaving out some under 20-2, we have still a rather 
curious result — a lower number on the hills than on the 
plains. I do not profess lo be fiilly satisfied with these 
results ; we require a few hundred, or at least a few dozen 
analyses ; still these statements are before us, and cannot 
be removed without much labour. The results of Frank- 
land and Boussingault especially are striking, and require 
an explanation. Let us again compare results obtained 
by Dumas and Boussingault (‘ Annales de Ghimie,’ 1841). 




(Air of Paris.) 




Oxygen. 

• 


Oxygon. 

By weight, 22*93 

Calculated to volume^ 


20-729 

ff 

23-06 

tf • 


20-866 

ff 

2303 

ft • 


20-828 

ff 

23-01 

ft • 


20-810 

ft 

23-00 

ft • 


20*802 

ft 

23-00 

ft • 

f 

20-802 

tf 

23*08 

tt • 

• 

20-826 

tt 

22-07 

ft • 


20-864 

ff 

22*89 

tf • 


20-701 

Mean 

23*07 



20-864 



(From the Faulhom.) 

• 



Oxygen, 

• 


Oxygen. 

By weight, 22*96 

Calculated to volume* , 

• 

20-766 

ft 

23-09 

ft • 

• 

20882 

ft 

22-97 

tt • 

e 

20-774 . 

tf 

22-86 

ft • 

9 

20-874 

ft 

22-97 

ft • 


20-774 

Mean 

22-97 



20-774 


Again we find a smaller amount on elevated places 


Brunner found 


Oxygen, 
r 20-867 
20-760 
20-790 
J 20-842 
20-812 
20-837 
20-818 


Although, for reasons given, I prefer the jfttual numbers 

' The results are calculated into volumes, taking 1-1057, the number 
taken by l!he analysts as the sp. gr. of oxygen. 
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obtained by Eegnault, the comparative numbers in Paris 
and in the Faulhorn are equally valuable for the purpose 
of showing differences. » These analyses were made by 
weighing. 

Dr. William Allen Miller examined air collected during 
a balloon ascent, in August 1852, at a height of 18,000 
feet, and also a sample collected near the surface at the 


same time, with the following 

results : — 



Air 18,000 

Air near 


feet high. 

the earth. 

Percentage of oxygen . 

A 

. 20-88 

20-92 

Dr. Frankland ^ found at — 


Oxygon. 

Carbonic ac! 

Grands Muleta . 

. 20-802 

0-111 

Summit of Mont Blanc 

. 20-963 

0-061 

Chamoimix 

. 20-894 

0-063 


He thinks it probable that the carbonic acid is gene- 
rally, but not invariably, greater in the higher regions of 
the atmosphere. Messrs. H. and A. Schlagintweit found 
the carbonic acid to increase up to the height of 11,000 
feet. • 

If the carbonic acid of the higher regions be really 
greater than in the best air below, and the oxygen less, 
it will probably be in part owing to the oxidation having 
been completed more fully. De Saussure considered it 
to be owing to the action of vegetation decomposing the 
acid and giving out oxygen at the surface. The organic 
matter will probably be entirely removed by thorough 
oxidation in great oceans of air. The process which 
converts oxygen into ozone would seem very well fitted 
for removing all organic matter. This, then, might lead 
to the existence of a smaller amount of oxygen in the air 
above, and the riddle would be solved. The diminution 
of the oxygen is probably a disadvantage — although to 
such a small extent is it so, that there is abundant com- 

’ ‘On the Air of Mont Blanc,’ Jmimal of the Chemical Society, *’tat 1801. 
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pensatioa in the purification consequent on the removal 
of organic substances. We shall have, then, a distinct 
variety of air on mountains diflTering from that of the 
plains. In the one there would be more carbonic acid 
and less oxygen, with little or no organic matlter — con- 
stituting mountain air ; whilst the air of the plains would 
have more oxygen, less carbonic acid, and more organic 
matter. This is to develope. 

It is exceedingly probable that the difference of compo- 
sition is somewhat connected with the existence of water 
in the atmosphere ; it is less likely to ,be in part the result 
of separation caused by the weight of the gases — a result, 
certainly, which has been much discussed and is well 
known not to exist in proportion to the weight, and one 
by no means probable, considering the investigations of 
Graham : but that the physical cause may after all be 
struggling so as to make itself in some way felt, it is 
perhaps rather daring for us to deny absolutely. If the 
oxygen were diminished without the increase of the car- 
bonic acid, it would be safest to advocate th(? latter reason. 
The reasons given in the previ(?us paragraph agree best 
with the state of our knowledge. However, the discussion 
on this subject would be better postponed until we become 
absolutely sure of more facts. 

Judging from all these analyses, I was inclined to look 
on a favourable specimen of aif as proved to contain — 

* Volume per cent. 

Oxygen 2096 

Nitrogen .... 79'00 
Carbonic acid . . . 0*04 

m~ 

In order to be moderate when judging of the air of the 
mines, I was willing to consider 20 ‘9 as a fair estimate — 
a number assumed by Liebig and Grahaifl. It must be 
remembered that this change of oxygen is not intended 
to affdfct the carbonic acid. 
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At present, in consequence of the analyses made, we 
may view the very pure air as containing not less than 

f • Volume per cent. 

Oxygen . . • . . 20*99 

^ Carbonic acid . . . 0*030 

Air of Impure Places. 

Eeliable analyses of the air of impure places are less 
numerous than those given ; but decided results have been 
obtained, showing at least a deviation from the numbers 
found on analysing fresh air. 


Observer. 


Oxygon. 

Configliachi . 

_ • * • 

Kegnault 

V ... 

fj ... 

}} ... 

» ... 

I found in the middle of 
rounded and exposed to 

Air of rice-fields , 

Crowded places 

Toulon harbour 

Algiers 

..... 
Bengal Bay .... 

„ over bad water 

lanch ester, in a place closely sur-^ 
smoke . . , . " 

20*8 

20*3 
20*85 
20*42 
20*395 
20*46 
20*387 
20*868 
• 20*808 
20*807 
20*613 
20*793 
20*179 

Average . 

20*652 


The following results have been sent me by Dr. 
Frankland : — 

Air from Laboratory of Owens College, 1852. 

Oxygen. 

November , • . . 20*883 

December .... 20*898 
Ditto .... 20*808 
Ditto .... 20*876 

M. Leblanc, in his researches into the composition of 
the air (‘Ann. Chimie et dePhys.’ t. v., 3rd series, 1842, 
p. 248), gives the following analyses of inferior and im- 
pure air : — • 
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{The amounts for oxygen were stated in weights^ hut have been calculated 

into volumes.) 


• 

— r 

Oxygen b) 
weight, pe 
1,000. 

Oxygen bj 
p volume, pe 
cent. 

Carbonic 
acid by 
'weight, per 
1,000. 

1. Conservatory of Equatorial Plants, 
Terre de iluffon, 6 o’clock in the 




evening 

2. Seven o’clock next morning . 

2301 

,20*81 

? 

229*6 

.20*76 

0*1 

3. Chemical Theatre, Sorhonne, before 




lecture 

224*3 

20*28 

6*5 

4. Ditto after lecture . 

219*6 

1980 


6. Bedroom in morning 

6. Hall of hospital three hours after 

229*4 

20*74 

M 

shutting the windows . 

7. Same at 8 o’clock, morning 

229*1 

20*72 

0-8 

227*2 

20*54 

2*8 

8. Sleeping-room at the Salpetri^re, at- 




mosphere sensibly bad . 

225*2 

20*36 

8*0 

9. Another in a similar state 

226*0 

20*44 

6*8 

10. Salle d’Asyle, 116 children; smell 




bad also ..... 

227*1 

20*53 

2*7 

11. Salle d’Ecole Primaire, 2nd arron- 



dissement 

228*4 

20*66 

• • 

12. Same, incompletely ventilated: no 




smell . . • . 

• • 

. *. 

4*7 

13. Same, quite closed; a sensation of 




heat, quickened respiration . 

• 

, . 

8*7 

14. Chamber of Deputies, in the venti- 




lating-shaft ; no smell . 

15. Opera Comique, pit before end of 

• » 

• • 

2*6 

• 

play 


. . 

2*3 

16. Same theatre, jcentre boxes 

, , 

* , , 

4*3 

17. Close stable, Ecolo Militaire . 

225*5 

20 39 


18. Same stable, ventilated by casements , 

^ 229*0 

20*71 

22 


It was with these results before me that the enquiry 
for the Mines Commission was begun, and although not 
desired to speak of the composition of the air generally, 
it seemed quite necessary to make some experiments, that 
it might be compared with the air of mines. 

Having this great array of analyses, an abstract of the 
life-labours of many men, we seem to have Ijfefore us proof 
sufficient of a decided variation in thb composition of the 
air. The variation is really so great in some places, that 
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we must admit some powerful local cause. In filthy 
places, and in marshy spots at a high temperature, the 
cause cannot be doubted ; and how can we doubt the 
same change to occur in places that are badly ventilated ? 
When c&rbonic acid increases, is it wonderful that oxygen 
should diminish ? Notwithstanding all this, there is no 
firmly-founded faith amongst scientific men regarding the 
subject. The evidence has not been brought fully before 
them, and probably some links may be wanting. Seeing 
the question in this state, I was desirous of throwing some 
light upon it, and indeed had already come to believe 
strongly in the variations, because of some which had been 
observed when making occasional analyses for the trial of 
new apparatus, or for instruction and trial of skill. 

Under this impression, specimens of air were collected 
from the front of the laboratory and from behind, near an 
ash-pit, each at the same time ; and the analyses, along 
with some others, are given in the following table. 
Afterwards it will be seen that the carbonic acid of the 
same spot wUs also estimated ; and the result is that not 
only is there a diminutfon of oxygen in the less pure spot, 
but the carbonic acid, although greater than in the pure 
air, is not sufficient to make up the vacancy left by the 
deficiency of oxygen, leading us to look for other gases 
also that tend to increase the impurity. This is an un- 
expected result, and, to* my mind, one which has in it 
much value. 13ut, like, all other investigations, after 
leading us onward one step, it shows us that there is 
another to take. 

If emanations arise from foul places, they must occupy 
space. They are mixed gases and vapours. When we 
use caustic soda to absorb the carbonic acid, perhaps we 
absorb some vapours also, and indeed I always find that 
in a eudiometer we are apt to obtain too much carbonic 
acid in cases where the quantity is small, unless extreme 
care is used, when the result has often been correct. 
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Street and Suburb Air^ Manchester, compared with Closet or 
Midden Air. 


Time. 

Air from closet or miclden 
behind laboratory. 

$ 

Air from front door of 
laboratory. 

• 

1863. 

Oxygen, vola. per cent. 

Oxygen, vols. per cent. 

Dec. 1 

20*80 

20*90 

J9 

10 

20*86 

20*96 

V 

11 

20*79 

20*98 

)) 

11 

20*72 

20*90 

Ji 

ir> 

20*87 

20*90 

t) 

11 

20-76 

20*02 

i) 

17 

20*69 

20*96 

» 

11 

20*86 

20*78 

» 

ii 

20*90 

* 20*83 

11 

18 

20*21 

20*91 

11 

11 

20*68 

20*92 

11 

11 

20-74 

20*87 

11 

11 

20*40 

21*02 

11 

11 

20*77 

21*00 

11 

19 

20-99 

20-83 

11 

11 

20*70 

20*98 

11 

11 

20*82 

20*88 

11 

11 

20*46 

21*01 

11 

11 

, . 

20*87 

11 

21 

20*50 

2092 

11 

11 

20*70 

21*02 

11 

11 

20*64 

20*88 

11 

11 

20*94 

• 20*91 

11 

11 

20*67 

21*01 

11 

22 

20*63 

20*96 

,, 


20*71 

20*92 

1864. 


•> 

Feb 

.26 

20*66 

21*01 

11 

24 


21*05 

11 

20 

, , 

20*98 

11 

11 

« 

20*99 

11 

11 


21*01 

11 

11 

t 

20*94 



Average 20*70 

20*943 


Comparo also the specimens from the city of Perth, p. 37. 


The meaning of these humbers may be further illus- 
trated. Let us put together all the deviations from 21 per 
cent, in air from the front of the laborator/ and from less 
pure places (the front may not, after ‘all, give the best air), 
we hafc — 
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From backs of houses 

Gt)od air. 

and impure places. 

•10 

•20 

•04 

•16 

•02 

•21 

•10 

•28 

•10 

•13 

•02 + 

•24 

•04 

•41 

•22 

•15 

•17 

•10 

•09 

•79 

•08 

•42 

•13 

•26 

•02 + 

•60 

•00 

•27 

•17 

•01 

•02 

•30 

•12 

•12 

•01 + 

•64 

•13 

•44 

•08 

•21 

•02 + 

•36 

•12 

•06 

•09 

•33 

•08 + 

•47 

•04 

•29 

•08 


•01 


•06 


•02 


•01 


•01 


•06 



Average . . . O-O0o (sub- , Average . . . '293 
tracting those with +). 


This is a remarkable illustration, to my eye, and a con- 
clusive proof. 

The results are very distinct ; there is nothing exagge- 
rated about them. There are no great deviations to 
astonish us ; and there are so many irregularities, that if 
two or three analyses only were made the effect would be 
bewildering orvincertain : by making numerous analyses 
we are able to show* a steady diminution of oxygen, on 
one side, with occasional risings as the wind may blow 
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here or there, and a steady rise of oxygen, on the other, 
with occasional fallings also, as the wind may chance to 
carry smoke or other gases. • 

The laboratory stands in an open space, which contains 
certainly a burial-ground in the centre, but is v5ry much 
freer from the smoke of the town than the streets are ; no 
manufactories exist beyond or between it and the country. 
TJic wind from west and south blows over many houses, 
but over no large chimneys. 

The results clearly show a difference between the air 
of more and less pure places, and reijider the oxygen test 
more valuable than it hitherto has been supposed to be. 
Unfortunately so many analyses are required, that the 
test cannot be popular ; but as one to be resorted to when 
the occasion warrants the labour it stands very clear. 
And indeed how can it be otherwise? We see putrid 
matter laid on the ground, and find it disappearing rapidly, 
and yet we are told that it is not accompanied by loss of 
oxygen ; it is not credible, and the results given show it 
to be incorrect. 

Tt may perhaps be said thatt although some of the 
specimens contain less than 20'9 oxygen, if they came 
from a clear atmosphere, such air could not be considered 
very bad. This reasoning cannot hold. Analyses are 
after all subject to error, and the average is the only 
number on which we can rely. ® It may even happen that 
the small changes are caused* by accidents which may 
give impurity. For example, take gusts of impure air 
even in the air of a street generally pure. 

It is abundantly clear that whenever we leave the region 
of the uncontaminated or very little contaminated open 
air we obtain a diminution of oxygen, although that 
diminution is very small; this small loss is therefore a 
proof of impurity. In crowded rooms, theatres, cow- 
houses, stables, and laboratories it is easily proved, and 
that diminution is enough in decided cases to bring the 
figures various stages below 20‘9. 
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Am OF London, 

The examination of the London air for oxygen and 
carbonic acid shows clearly thfe value of this plan. It 
seems indeed that the oxygen gives more striking results 
than the acid. There is less oxygen in the east, 20'857, 
and in the rather crowded parts of other districts. In 
the open places the oxygen rises very decidedly to 20'9500. 

In agreement with this the carbonic acid is greatest in 
the east and least in open places. The range is not great 
in appearance ; we must learn to look on small numbers 
as of importance. ' 

We must not be violent in our conclusions. The KW. 
does not come out very well, but tlie specimens are too 
few. We must receive the conclusions in a very general 
way only. 

These analyses show one mode of deciding when a 
place can be called open. Those numbers which approach 
nearest those found at Hyde Park are the best. 


^London Air, — Metropolitan Railway. 


Date. 

Place. 

Time of 
Day. 

Oxygen 
per cent. 

1869 . 

Nov. 12 . 

Tunnel between Gower Street and 



„ 12 . 

King’s Cross Stations: specimen 
taken at the open window, first- 
class carriage > . . . 

Tunnel between Gower Street and 

10 A.M. 

20-60 

King’s Cross Stations; specimen 
taken at the open window, first- 
class carriage .... 
Tunnel, Praed Street: specimen 

7.30 P.M. 

20-79 


„ 12 . 

taken at the open window, second- 
class carriage .... 

10.30 A.M. 

20-71 


„ 16 . 

Specimen taken during jouniev be- 
tween Gower Street and King’s 
Cross, first-class carriage, win- 
dows open 

10.16 A.M. 

20-06 

„ 16 . 

Same^ 

3 P.M. 

20-70 

„ 16 . 

Same. 

11 P.M. 

20-74 


Average .... 

• • 

^0-70 
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London Air, — Percentage of Oxygen, — November, 



Place. • ' 

Oxygen per cent. 

Average. 

1 

2 

N. 

Islington, Duncan Terrace 

20*86 

20*81 

20-836 

N. 

Hoxton, lloxton Square . 

20*86 

20*82 

20*835 

N.E. 

Dalston, Albion Road . 

20*90 

20*91 

20*905 

N.E. 

Hackney, near Hackney Station 

20*82 

20*85 

20*835 

N.W. 

Clarendon Square, Somers Town . 

20*90 

20*89 

20*895 

N.W. 

Alpha Road and Grove Road . 

20*87 

20*80 

20*835 

N.W. 

Near Belsize Park .... 

21*02 

2100 

21*010 


Average (Belsize Park left out) 

• 

. 20-867 % 

S. 

Two miles from Clapham Junction . 

21*05 

20*99 

21*020 

s. 

Lambeth, backstreet near workhouse 

20*85 

20-74 

20*795 

s. 

Kennington Park .... 

20*96 

20*92 

20*940 

s. 

Pleasant Place, Elephant and Castle 

20*97 

20*80 

20*915 

s. 

Deverell Street, off New Kent Road 

21*00 

20*91 

20*055 

s.w. 

Brompton, back street off Sloane St. 

20*83 

20*89 

20*860 

s.w. 

Brompton Crescent 

20*86 

20*80 

20*876 

s.w. 

Blackland Terraco, off King’s Road 

20*79 

20*80 

20*795 

s.w. 

Chelsea, Park Lane, off Church St. 

20*82 

20*80 

20*810 

s.w. 

Near Battersea Bridge . 

20*85 

20-86 

20*850 

s.w. 

Chelsea Hospital, gardens near river 

20*91 

20*91 

20*910 

s.w. 

South Lambeth, Cavendish Grove . 

2090 

20*84 

20*870 

s.w. 

Vauxhall Bridge, near river . 

20 90 

20*91 

20*905 

s.w. 

Houses of Parliament, terrace 

20*96 

20-03 

20*946 

S.W. 

Westminster Abbey Yard . .* 

20*91 

20*97 

20*940 

s.w. 

Trafalgar Square .... 

20*90 

20*87 

20*885 


Average (leaving beyond Clapbam Junction out) . . 20*883 


E. 

Bethnal Green, Bethnal Green Road 
and Punderson Street . 

20-82 

20*88 

20*850 

E. 

Stepney, White Horse Street . » . 

20*87 

20*87 

20*845 

E. 

Near London Docks 

20*76 

20*84 

20*800 

E.O. 

„ London Bridge . . • . 

20*91 

' 20*84 

20*875 

E.C. 

„ Bank of England 

20*91 

20*86 

20*885 

E.C. 

„ Holborn Viaduct 

20*92 

20*87 

20*895 


Average 20*86% 


W.C. 

Woburn Sq., near British Museum . 

20*93 

20*93 

20*930 

W.C. 

Near Tavistock Square . 

20*94 

20*93 

20*935 

W. 

Regent Street (Great Castle Street) 

20 90 

2083 

20865 

W. 

Oxford Sqi^uare, near Edge ware Roaa 

20*88 

20*89 

20*885 

W. 

Hyde Pani, Sloane Street 

20*91 

^0*94 

20*925 

W. 

Middle of H3*de Park 

21*03 

20*08 

21*005 


Average .... 20*9257o 


Tottd average (beyond Clapham Junction not included) . 20*8867o 



London Air, — Parka and Open Places, 
(Oxygen per cent.) 



Place. 

Oxygen per cent. 

Average. 

1 

2 

N.W. 

Near Belsize Park .... 

21*02 

21*00 

21*010 

S. 

Kennington Park .... 

20*96 

20*92 

20*940 

s.w. 

Chelsea Hospital, gardens near river 

20-91 

20*91 

20*910 

s.w. 

Vauxball Bridge, near river . 

20*90 

20*91 

20*905 

s.w. 

Houses of Parliament, terrace . 

20*06 

20*93 

20*945 

w. 

Hyde Park, Sloane Street 

20*91 

20*04 

20*025 

w. 

Middle of Hyde Park . 

21*03 

20*98 

21*005 


Average .... 20*05®/o 


Oxygen of the Air in wet and in dry foggy Weather. 


Continuing the subject and going further into detail: 

In very wet weather in Manchester, and still before the 
laboratory, the following results were obtained: — 

Oxygen. 

20*90 

21*01 

21*01 

21*05 

20*96 

104*93 

Average .... 20*98 

In dry foggy and frosty weather, when the smoke of 
Manchester had little exit fyom the town, the results were — 


Near centre of town 

• 

• 

. 20*90 
20*88 

At laboratory , , 

• 


. 20*90 
20*06 

At laboratory, afternoon 

. 

. 

. 20*91 

„ forenoon 


, 

. 21*01 

„ afternoon 

• 

• 

. 20*82 

146-38 


Average 

20*91 


20-82 and 20-89 were found in a dense fog, suck as has 
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Ttarely visited Manchester. The eyes began to smart, and 
in walking on the pavement carters were met leading their 
horses into shops in the day-time-i-we can scarcely say in 
the daylight. 

Thus wo have certified, by experiment as well as the 
testimony of the senses, the inferiority of the air at certain 
times, and these senses seem to estimate on certain occa- 
sions an amount as small as 0*07 ; but they do not estimate 
the loss of oxygen, only the corresponding increase of 
impurities. In the yard at the back of the laboratory 
the amount is less than before the laboratory, and is as 
follows : — 

Oxygen. 

20-80 

21-01 

20-94 

20- 84 

21- 09 

Average .... 20-936 

Thus we have the series — 


In very wot weather, in front . , 20*98 

At all times, an averaf^e of 32 experiments 20*047 

Behind, in medium weather . « 20*936 

In foggy frost 20*91 

Over ash-pits 20*706 


These results surprise mo as I write. They come from 
analyses made some months ago, and without the hope of 
such a fine gradation of qualities. They seem also to show 
that we are exposed to currents ftf good air in the worst, 
and of bad air in the best atmospheres, in toivns like Man- 
chester. This is suggested also by that number, 21 ’01 
or more, so curiously turning up in the analyses of most 
persons. 

In Dwelling-rooms, && 

If we go to dwelling-rooms, &c., we find the same 
diminution of oxygen where there is insufficient venti- 
lation: — 

Before the door of a house in » suburb of Manchester, the 

aii^gave of oxygen 20*06 

In the sitting-room, not very close 20*89 

D 
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In a very small room, with a petroleum lamp bun4ng, a 

good deal of draught 20'84 

After 6 hours 20-83 

Pit of theatre, February 13, 1864, 11.30 p.m. . . .20-74 

tJallery, February 16, 10.30 p.m. ' 20-63 

* In Cow-houses and Stables. 

If, again, we enter cow-houses and stables, the same 
results are obtained. The following six are so uniform, 
they seem to be as good as thousands, and are obtained 
from the only specimens collected. I went in the morning 
after the cows had been milked and fed, and therefore 
after the air had been allowed to enter. The houses still 
had a close smell. The stables were badly closed, and one 
was open ; the specimens were taken near to the horses, 
as far from the doors as possible, avoiding the direct breath 
of the animals. I cannot call them fair examples of the 
air breathed by the horses or cattle alone ; but they are 
very fair specimens of the kind of air breathed by those 
who work or visit there. Two of the stables were for 
cal>horsos, the doors half open ; a third was a gentleman's 
stable of four stalls, b,ut there was only one horse ; the 
door was shut. The air seemed pretty good, and still 
the loss of oxygen is visible in the analyses : — 

Cow-houses 
Stables . ‘ 

ff 

9f • 

In such places as have been last described it would not 
be pleasant to live, and in the atmosphere of the theatre 
we know how much desire of fresh air is produced. Yet 
none of these numbers are so low as 20'6, the number 
assumed as marking the beginning of very bad air. The 
temperature »of the theatre in the pit was 78° F., and this is 
a common temperature in the mines. By taking Leblanc’s 
analyses a somewhat different number might bq arrived 
at ; but even he finds 20’ 54 only after a hospital window 


Oxygen. 
. 20-70 
. 20*78 
. 20-75 
. 20-82 
. 20*74 
. 20*74 
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had been shut all night, and 20-53 in a room with 116 
children. Five of his analyses give numbers below 20-6. 
These are bad cases. . • 

So far, with exceptions stated, I had written on oxygen 
for the Mines Commission. Since that time mafly other 
specimens have been collected by myself and assistants. 

Those from Scotland are sufficiently numerous to seek 
a place for themselves, and, at the risk of diminishing the 
clearness of the arrangement, they may be here introduced. 
I may also add that I am unable to persuade myself 
to write a new and independent paper on the subject, 
having so lately completed the report; the method of merely 
inserting the latest matter must therefore be adopted. 

This was said in 1864, and I now reprint with addition 
the paper on the composition of the air. 


Specimens from Scotland. 
Mountainous Districts. 


Top. 


Oxygen. 


Bottom. 


Oxygen. 


Ben Nevis 


Lochin-y-gair (Balmoral) 
Ben Ledi . 

yj 
v 

Ben Voirlicli 

Ben-na-bourd 
Ben Lomond 
yy 

Ben iviuich Dhu 
yy 
ty 


Ochill flill 
Moncn^ffe Hill 
Mean 


20-91 

20-96 

20 - 94 
20-88 

21 - 01 
20-94 
20-95 
20-98 
20-97 

20 - 97 

21 - 01 

21-03 

20 - 94 

21 - 08 

20 - 91 
21 

21 - 07 
21-02 
20-99 

20 - 93 

21 - 01 
21-06 
21-07 
20 93 


Ben Nevis 


yy 

yy 


Lochin-y-gair (Balmoral). 

yy . . . 

Ben Ledi .... 
B^ Voirlich , 

yy ... 

Ben-na-bourd . 

Ben Lomond . 


20-93 

20-91 

20-89 


20-80 

21 

21-02 


20 - 87 
20-88 

21 - 18 
20-96 


20-98 


Mean 


20*04 
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Districts not Mountainous^ or only partly so. 


Oxygen. 


Means. 


Shore Lossiemouth . 

Mean . ” . 

Inverness, at Moray Frith 

y> f> 

''Mean . . ” . 

Inverness, behind the Town 

(Inverness specimens taken in 
very clear weather.) 
Sea-shore, Oban . 

Edinburgh, Prince’s Street 


Mean 
Aboyne 


Calton iliU 


ff 


Mean 
Aberdeen, sea-shore 


Mean 4 . 

Errol, marshy ground 
Mean 

Caledonian Canal (near Inverness) 
Bumoral • 

Mean , 

Taynuilt (near Oban) 

'Mean . " . 
Braemar-on-the-Dee 
Hun^ 

Mar ierest 

f7 
99 

Mean 

Forest near Braemar 


21*05 

20*95 

20*89 

20*89 

20*86 

^*88 


20*98 

20*99 

20*92 

20*94 

20*94 

20*95 

21*02 

21*06 

21*01 

21*07 

20*91 

20*96 

20*88 

20*88 

21 

20*92 

20*86 

21*18 

21*03 

21*04 

21*02 

21*08 

20*88 

20*87 


21 


20*88 


20*96 

20*96 

21*04 

20*94 

20*90 

20*89 


21 


Wind from sea N. j 
evening. 


Windy and cloudy. 

on 
S. 


Clon^and windy, 


Cloudy. 

Hain and sunshine. 


Mean of the above, 20*969 or 20*96. 

Some impurity rising from the water ^j^ear Inverness has 
lowered the otherwise veiy high average of these ^.nalyses, 
20 - 98 . 
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Air from worst places in the City of Perth. 



Oxygen. 

Close, 70 South Street 

„ 44 Pomarium 

ff n 

„ „ 

Weaver’s Close, Pomarium 

St. Paul’s Close 

Long Close, off George Street 

Weaver’s shop, 44 Pomarium 

Close, 28’ Watergate 

From a conduit, Athole Crescent 

Close, ’82 South Street ’ 

From a conduit, Athole Crescent 

,, ,, .••••. 
Hewnt’s Close, 148 South Street 

„ ,1 ..... 

From conduit, Stormont Street 

Close, 44 Meal Yennel 

Mean ^ 

^20*87 

•20*92 

20*94 

20*93 

20*96 

20-94 

20*96 

20*99 

20*94 

20-90 

20*88 

20*93 

21*02 

20*93 

20*95 

21*01 

20*84 

20*89 

20*97 

21 

20*90 

20-90 

20-935 


Analyses classified. 


Air from Scotland, 1863-6. Oxygen. 

Mean of the sea-shore and the heath , , . 20-999 

Mean of the tops of hills 20-98 

Mean of the bottoms of hills 20*94 

Mean of all places not mountainous 4 > • • 20 978 

Mean of inferior parts of a town (favourable, i. e. 

windy weather) 20*935 

Mean of lower marshy, &c., places . . , , 20*922 

Mean of the forests 20-97 

Mean of all 20*959 

or 20*96 


I conclude, therefore, that in order to obtain the as- 
sumed mean, 2()’96, it is needful to include very inferior 
air. It is, therefore, the mean composition of air as it is 
found in -wholesome and less wholesome plaTTes, not the 
mean of the finest atmospheres. 

It will be seen that here the sea-shore and (tpen places 
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still command the highest amount of oxygen, although 
the higher hills are ijot the most deficient — it may be, 
because in Scotland really high mountains do not exist, 
and also because, unlike the great ranges of the Alps and 
the Himalayas, the Scotch hills have much sea and little 
land from which to draw their supplies. 

It may be remarked that the averages of the hills above 
and below, viz. 20'98 and 20-94, give exactly the number, 
20-96, which was taken as a fair sample of air. 


Glasgow, — Oxygen, 1869. 


Tho Closer Parts, — Winter. 

Oxygen per cent. 

1 

2 

Average. 

Buchanan Street, near Western Club 

20-92 

20-91 

20-915 

Exchange, front of . . ' . 

20-80 

20-90 

20-895 

Union Street 

20-88 

20-88 

20-880 

Miller Street, Argyle Street . 

20-00 

20-93 

20-915 

Argyle Street, near Queen Street 

St; Enoch’s Square .... 

20 90 

20-90 

29-930 

20-92 

20-91 

20-915 

Cross . « . . . 

20-90 

20-85 

20-875 

Blackhoy Close, Gallowgate 
Gallowgate, between Kent Street 
and Barracks .... 

20-90 

20-88 

20-890 

20-88 

20-87 

20-875 

A Close, High Street 

20-87 

20-80 

20-805 

Armour Street, near the Barracks . 
Kirk Street ..... 

20-80 

20-88 

20-870 

20-88 

20-87 

20-875 

Coulter’s Lane, Abercromby Street . 
A small court, Tobago Street . 

20-88 

20-88 

20-880 

20-85 

20-90 

20-875 

Oswald Street, Dalmarnock Road . 

20-87 

20-89 

20-880 

Average • . • . 

. 20-8890 



Glasgow , — Oxygen, 


Chiefly Open Parts. — ^Winter. 

Oxygon per cent. 

1 

2 

Average. 

Tennant Street, St. Rollox 

20-90 

20-93 

20-915 

Charles Street^. 

20-92 

20-92 

20-920 

Middleton Place .... 

20-94 

20-95 

20-945 

Castle Street, near the Cathedral 

20-92 

20-87 

20-895 

Bobbies Loan, near Poorhouse 

20-93 

20-91 

20-920 

New City Road, near Abercorn Street 

20-91 

20-92 

20-915 
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Glasgow, — Oxygen — continued. 


Chiefly Open Parts. — ^Winter. • 

Oxygen per cent. 

• 

1 

2 

Average. 

Blythswood Sqiiaro .... 
Renfrew Street . . . ; 

Newton Terrace, Sauchiehall Street 
University, Gilmour Hill 

Quay, near Hroomielaw Bridge 
Anderston Qu^ .... 
Sharp’s Lane, Stobcross Street 
Finnieston CJUay . . . . i 

Pointhouse Pier 

20*94 

20*90 

20*95 

20*88 

20*95 

20*90 

20*98 

20*90 

20*98 

20*95 

20*92 

20*99 

20*92 

20*90 

20*90 

20*97 

20*92 

21*01 

^0*946 

20910 

20*970 

20*900 

20*925 

20*900 

20*975 

20910 

20*995 

Average .... 20*0203 

Total average of Oxygen . 20 0092 


Marshy or confined Places, Switzerland. 




Oxygen. 

Means, 

Aug. 1804. 

Sion, Upper Valley of the Rhone, 1 




Switzerland (morning), over water, 
marshy grass . . . . J 

1 


20*86 

21*01 







20;,94 





21*05 



• 


21*02 


if 

Sion (morning), over water and brush- 


20*96 


wood ' 


20*94 

20*95 

20*83 

21 

20*90 

• 




Moan 


, , 

20*95 


• 

r 

20*92 


Sept. 1804. 

Reddish, near Manchester, among 


20*98 


brushwood . . . 


20*95 

20*90 




Mean 

1 

f 

20*94 

20*937 

Aug. 1864. 

Lauterbrunnen . . . . -1 


20*97 


Mean 

[ 

20-95 

20*963 


ff 

Chamounix, Montanvert . , , j 

[ 

21*03 

20*99 



Mean 


21*01 

ff 

Verdin, in the Sologne • 

[ 

21^7 

20*90 


f) 

Vouzerou -j 

[ 

21*01 

20*90 



Mean 


• 

20*95 
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As there is so much cretinism at Sion, and as goitre is 
found in the whole valley, I thought it important to obtain 
some specimens of the atmosphere from the marshes them- 
selves. The air was taken from the surface of the water 
or from^the brushwood. The time was too favourable, as 
there was a considerable breeze ; but I had not patience to 
wait, and, as it turned out, it would have been necessary to 
wait a long time. I consider the matter well worth further 
enquiry, and should be happy to make the analyses, if 
specimens were sent, as I may not soon be in the same 
spot again. 

The specimens from the Sologne are very few. They 
were brought without any hope of a result. Had I known 
as much as I do now, more would have been collected. 
The book of Dr. Burdel, entitled ‘Eecherches sur les 
Fievres Paludiennes,’ excited a curiosity to see the district; 
but there seemed such a free air and such an open country, 
with such a dry sandy soil, that I doubted if anything 
like gaseous emanations could be found. I saw only few 
and small ponds. Seeing how careful the search must be, 
it is well not to be too confident until numerous analyses 
are made. Dr. Burdel does not believe in any difference 
of analysis, and seems to refer the unwholesome state to 
the action of the electricity of the atmosphere and the 
heat and cold. It is a courageous thing at the present 
time to refer any phenomenon to electricity ; it has been 
overdone so much, that people now imagine it must never 
be done, and are afraid to mention it, thus deciding on the 
other side. It seemed to me when in Switzerland that 
the frequency of discharges on the mountains, with their 
absence in the valleys, was itself a proof of difference of 
condition in the two places. On plains the heavens and 
earth seem to equalise their electricity more uniformly ; 
in these hilff' regions it is done at certain high points. If 
the flow of this electricity is valuable to us, its loss is 
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detrimental; and if the discharges are made violently 
from one point, instead of steadily and slowly from wide 
surfaces, the condition of these surfaces must be modified. 
On looking at Mont Blanc for a fortnight, and seeing 
nightly discharges from its summit, I was natural^ led to 
look on the subject in this way, and to add this to Dr. 
Burdel’s opinion, although I confess I do not understand 
the part he wishes the electricity to play. All I can see 
is, that there is a difference in these hilly regions. I do 
not pretend to see anything affecting animal life that can 
result from the difference ; and in the Sologne there are 
not the mountainous ranges to account for any similar 
condition. 

It has been shown that air in places where putrefaction 
may be supposed to be going on has been found by other 
observers to contain less oxygen than pure air. This 
enquiry puts the subject in a somewhat clearer light than 
hitherto, and shows us that those places containing im- 
purities, and which are in or near all our houses, are also 
subjected to a diminution of oxygen. The diminution is 
not entirely made up by carbonic *acid, and must be made 
up by other substances. This diminution is very sensible 
when it comes to 20'75, or even in some places 2t)'85, 
being equal to a removal of '2 to T of oxygen ; so 
that it indicates more clearly in some cases than the 
carbonic-acid test does. At times we may probably 
allow for the absorption of oxygen into the soil or 
elsewhere. We do not require to seek deadly places for 
air with diminished oxygen ; the air of every house is 
subjected Lo this diminution, which must of necessity be 
an indication of the amount of impurity existing in the 
air, although giving no clue to the quality of that 
impurity, which may be more or less innocent or 
noxious. •• 

It is well known that oxygen over putrid substances is 
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absorbed, whilst carbonic acid and other gases take its 
place. This reasoning does not touch the question, What 
is the effect of a loss of oxygeil when no impurities take 
its place..? — a condition little known. I wish particularly 
to say that it is probable that the objection to the air 
which has a little less oxygen than the normal amount 
may not arise from this fact itself. The loss of oxygen 
may only be an indication of the presence of a pernicious 
body. 

A 

Carbonic Acid of the Atmosphere. 

Horace de Saussure first paid minute attention to the 
carbonic acid of the atmosphere, and sliowed its presence 
on the mountains of Switzerland as well as on the plains. 
He used lime-water for analysis. His results are in his 
‘ Voyages dans les Alpes ’ of 1796. His son Theodore in 
1828 published a resume of a much fuller enquiry ,.and in 
1830 the complete account. He used a vessel of 34 litres 
in volume, and washed the air with baryta- water, collecting 
the carbonate of baryta precipitated. This is a laborious 
process ; but, considering the great accuracy of the 
operator, and the long experience which he gained, we 
may place great reliance on his Avork. I am disposed to 
think that there may be a little excess in his results ; but 
this will not affect the comparative amounts found at 
diflerent times, and which. form the most interesting part 
of the enquiry. He says^: — 

‘ The quantity of carbonic acid in the open air in the 
same place is subject to almost continual change, equally 
with the temperature, the winds, the rain, and the atmo- 
spheric pressure. The observations which I have made 
since 1816 until the month of June of this year, in a 
meadow at Chaimbei.sy, three-quarters of a league from 
Geneva, indicate that the mean quantity of carbonic acid 

• Annales de Ch. et de Ph. vol. xxxviii. 1828. 



CARBONIC ACID. 


43 


in volume which 10,000 parts of air contain is equal to 5, 
or more exactly to 4‘9. The maximum of this gas is 6'2 ; 
the minimum is 3’7. 

‘ The observations published (“ Biblioth^qu^ univ.” 
vol. i.) show as maximum in the same place a greater 
proportion of acid ; but it is probable that this excess was 
the result of the imperfection of the experiment. 

‘ The augmentation of the average quantity of carbonic 
acid in summer, and its diminution in winter, are mani- 
fested at different stations — in the country as in the city, 
upon the Lake of Geneva and upon a hill, in calm and 
disturbed air. According to ah average of thirty obser- 
vations made at Chambeisy, during seven years, with 
baryta-water, the quantity of carbonic acid in the months 
of December, January, and February, at mid-day, is to that 
of June, July, and August as 77 to 100. 

‘This ratio is not constant throughout every year. 
There are times which form exceptions, and in which tlic 
quantity of carbonic acid in summer is inferipr to that in 
winter, or vice versd. Thus, after^ many years of observa- 
tion, the mean quantity of carbonic acid in the month of 
January in 10,000 of air is 4'23 ; but the quantity of 
carbonic acid in the month of January 1828, whiclf was 
extraordinary for the mildness of its temperature, rises to 
5*1. The average quantity of carbonic acid in the month 
of August, taken in different years, is 5 08 ; but after an 
average taken from four observations (the results of whicli 
closely approximate) in the month of August 1 828, which 
was singularly cold and wet, the quantity of carbonic acid 
at noon was only 4'45. 

‘ The difference in the quantities of carbonic acid con- 
tained in the atmosphere in calm weather, during day and 
night, is one of the most remarkable results of my late 
observations. The following is tlie table of experiments 
whicli I have made, in open country, at noon and at eleven 
o’clock in the evening of the same day. (The table in 
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the original gives the quantities of carbonic acid in 10,000 
parts, but for uniformity’s sake they are here altered into 
per-ccntages.) 


— 1 

Noon. 

Evening, 

11 o’clock. 

May 22nd, 1827 . 

•0581 

•0623 

July 7tli ,, • • • 

•068 

•062 

Sept. 3rd „ • . . 

•0561 

•0601 

Nov. 6th „ . . . 

•043 

•0486 

May Slat, 1828 

•0475 

•0565 

June 13th „ . . . 

•0506 

•0583 

June 26th „ . . . 

•0539 

•0522 

Au|^. 1st „ • • . 

•0432 

•0606 

Aug. 12th „ . . . 

•0429 

•0682 


‘It results from these observations, that the air con- 
tains in calm weather more carbonic acid during the night 
than during the day. The only exception to this result 
was on June 26th, 1828, during extremely violent .wind, 
whilst all the other observations were made in calm 
weather or 'in slightly disturbed air. I have acquired 
sufficient experience in this kind of work to affirm that 
the general difference which is found in this table could 
not result from errors of observation. 

‘ It remains for me to discover if this difference is 
maintained in the middle of winter, or when vegetation 
is inactive. 

‘ The air taken at the middle of Lake Leman, opposite 
to Chambeisy, contains on an average a little less car- 
bonic acid than the air taken a hundred toises from the 
bank. After eight observations, made at different' periods, 
on the same days at noon the quantities of carbonic acid 
at the two stations are as 100 to 98‘5 ; but the air of 
both places follows the same variations relatively to the 
seasons. 

‘ The air of Geneva contains more carbonic acid than 
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the air of a meadow at Chambeisy — almost in the ratio 
of 100 to 92, from six observations made at the same 
time at both stations. A greater purity in the air of the 
country could be foreseen. I cite this result only be- 
cause the other eudiometrical experiments indicate no 
difference in the air of those two places, and as it shows 
the utility of the experiment by which this result was 
obtained.’ 

At first Saussure was led to believe that rain increased 
the carbonic acid, but changed his mind on finding, on 
the contrary, that this acid increased in dry weather even 
with a freezing temperature. 

For the Lake of Geneva and the neighbouring Cham- 
beisy, his numbers are ^ : — 


Date. 


Time. 



Carbonic acid 
at Chambeisy. 

On the Lake 
of Geneva. 

1826. 
December 29 


Mid-day 

• 


•0421 

•0385 

1827. 
May 22 

• 

ditto 

• 

• 

•0540 

•0602 

July 2 . 

$ 

ditto 

• 

• 

• -0623 

•0678 

August 9 


ditto 

• 


•0521 

•0642 

September 28 


ditto 



•0495 

•0474 

1828. 






•0440' 

January 19 . 


. « 



•0491 

July 7 . 





•0481 

•0441 

August 12 . 





•0408 

•0392 

August 20 , 


, , 



•0422 

•0410 ^ 

September 26 ’ 


. 


i 

•0414 

•0320 

September 26 


Night . 



•0493 

•0430 

1829. 







February 5 . 


Mid-day 



•0446 

•0476 

March 7 


, , 



•0463 

•0466 

April 18 . 

9 

, , 



•0429 

•0422 

July 7 . 

0 

Night . 

• 

• 

•0634 

•061 

July 8 . 

9 

Mid-day 

• 

• 

•0435 

•0408 

October 13 , 

0 

• • 

• 

t 

•0354 

•0342 

October 13 . 

9 

Night • 

• 

• 

•0416 

•0368 



Mean 

• 

• 

•0460 

•0439 


^ Ann. de Ch. et de Phys. toI. xliv. 1830. 
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De Saiissure found also more carbonic acid in tbe 
town of Geneva than outside at Chambeisy. The num- 
bers are : — ' 


Dkte. 

Time. 

At Ciiambeisy. 

In Geneva. 

1827. 




February 12 . 

Mid-day 

•0368 

•0455 

May 22 

•0540 

•0569 

May 26 

.... 

•0471 

•0528 

August 9 

. . • • 

•045*3 

•0476 

1828. 




January 28 . 

. • • • 

•0426 

•0427 

February 19 . 

. • • . 

•0402 

•0482 

April 10 

. • • • 

•0465 

•05 

July 25 

. . • • 

•0390 

•0445 

July 1 . 

31idnight 

•0407 

•0385 

September 4 

11 at night . 

•0441 

' -0430 

September 5 

•0382 

•0420 

October 1 

«... 

•0414 

•0423 

October 2 

. 

•0367 

•0405 


Mean . 

•0437 

•0468 


In the day the carbonic acid at Chambeisy is -0445, 
and at night -0402 ; in Geneva during day •0485, and at 
night •0414, The difference for the country is -0043, and 
for the town -0073. The diminution at night is greater 
in the town, where less fuel is burnt and people are 
shut up. 

•One of the most curious results of De Saussure’s en- 
quiry is, that the carbonic acid on the mountains is 
actually greater than on ’the plains. It will be interest- 
ing to give these figures, as they are often referred to, 
but seldom seen. It may be remembered here that 
there was some reason to believe in a diminution of 
oxygen in mountain air to nrinute extent. The in- 
crease of carbonic acid is a corroboration. 
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Name of mountain. 

Height of 

Carbonic acid 

Carbonic acid 

mountain 

in the air of 

in the air of 


in metres. 

• 

the mountain. 

the plain. 

La D61e .... 

* 1267 

•0461 

•0474 

Grand SaRve-sur-Crevin . 

877 

•0667 

•0482 

Hermitage (Petit Saleve) . 

331 

•0644 

*0482 

La I)61e .... 

1267 

•0491 

•0440 

Vasserode-sous-la-Dole 

908 

•0481 

•0446 

Grand Sal6ve-sur-Grange- "I 
Toumier . . J 

946 

•0413 

f 0367* 

1 -oasot 

Col de la Faucille 

963 

•0443 

•0414 

ditto 

963 

•0464 

•0416 

ditto 


•0369 

•0387 

ditto 


•0360 

•0322 

ditto 

• • 

•0422 

•0366 

ditto 

• • 

•0306 

•0316 


lie refers tlie clifFerence to the rain below, and the 
moisture of the ground, and to vegetation, which dimi- 
nishes the carbonic acid and increases the oxygen. He 
finds also that the mountain air does not change at night 
as the air below does. He finds a minute increase of 
carbonic acid arising from violent winds, and thinks this 
may arise from the upper mixing with the Iqwer strata ; 
his evidence on this point may be explained by the fact 
that he found a decrease on June 20th during a violent 
wind, probably from the same cause, namely mixing. 

De Luna has lately examined the air of Madrid, ■^(rith 
the following results ^ : — 

Air of Madrid^ outside the walls ^ during month of March. 


(1st series.) 


Place. 

Oxygen. 

Carbonic 
acid per 
cent. . 

Place. 

Oxygen. 

Carbonic 
acid per 
cent. 

1 . 

20-71 

•06 

7 . 

20-70 

•06 

2 . 

20-79 

•03 

8 . 

20-74 

•06 

3 . 

20-77 

•03 

9 . 

20-69 

•09 

4 . 

20-77 

•05 

10 . 

20-81 

•02 

6 . 

20-73 

•06 

11 . 

20-79 

•03 

6 . 

20-76 

•03 

12 . 

20-78 

* ^04 


* At foot. t At Chambeisy. 

^ Estiidios quimicos sobre el aire atmosf^rico de Madrid, por D. Ramon 
Torres Munoz de Luna. Madrid, 1860. 
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Air of Madrid^ within the wallSy during month of April, 


(2nd series.) 


Place. 

Oxygen. 

Carbonic acid. 

1 . 

20-70 

•06 

2 . 

20-70 

•06 

3 . 

20-77 

•03 

4 . 

20-75 

•05 

6 . 

20-70 

•06 

0 . 

20-69 

-06 

7 . 

20-78 

•05 

8 . 

20-69 

•08 

9 . 

20-70 

•06 

10 . 

20-78 

•04 

11 . 

20-80 

, -03 

12 . 

20-73 

•04 


The amounts of oxygen are very small, and of car- 
bonic acid very high. Solutions were used for the 
oxygen, and permanganate of potash for the organic 
matter. 

Hospitals, 


Booms. 

Oxygen. 

Carbonic acid. 

• 

r 

20-68 

•32 

Hospital general • 

1 

1 

20-50 

•38 

[ 

20-49 

•43 


r 

20-65 

•27 

Hospital de la Princesa . . - 

1 

1 

20-52 

•30 

L 

20-60 

•29 


The experiments of Mr. Lewy on the Atlantic Ocean 
and in America show a great irregularity. They are 
given on pages 16-18. We do not see clearly why 
there should be a rise in the carbonic acid from -OSSS to 
•0577 at sea. The great inequahties on the land are in- 
teresting, and especially at Bogota, where meteorological 
influences interfere to render the amount great and 
diminish health. 

Pettenkofer gives '5 per mille, or *05 per cent., as the 
amount in the air generally at Munich. This is above 
the number of Saussure, and both are above the numbers 
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found here. Munich is 1,690 feet, Geneva 1,154 feet 
above the sea. In the ‘ Handworterbuch der Chemie,’ 
under ‘ Ventilation,’ Petteifkofer gives a summary of the 
amount of carbonic acid in dwelling-houses, as follows : — 

In a dwelling-house, during the day, •054. 

After a while it increased to *065, ’061, ‘064, ‘OGS, 
•074, and -087. Mean -068. 

In a bed-room at night, with closed windows, '230. 

Partly open, '082. 

He found the following amounts of carbonic acid per 
cent., on examining public places, hospitals, prisons, 
&c. : — 


Schools « 


•232 

•143 

•223 

•223 

*307 

•247 

*334 

•261 

•131 

•186 

•278 

•495 

*362 

•429 

•536 

•317 

— 

— - 

•410 

•567 

•200 

•229 

•568 



I obtained the following results in 1864 : — , 


Carbonic Acid in the Air of the Suhiirhs of Manchester. 


Flaco. 

Per cent. 

Wind. 

Date. 

Time. 

Temp. 

Cent. 

Bar. 





h. 

m. 


i 

in. 

Fields in Greonheys . 

•0383 

. 

Fob. 22 


, 

, , 


Higher Broughton . 

•0350 

E.S.E. 

» 24 

, 

, 

0-6 

29-9 

Old Tralford 

•0432 

, 

„ 25 



3 

29-98 

Buxton (a) , . . 

•0431 

E. 

% 

li 

0 



»> . • • » 

•0459 

it 

Mar. 19 





tt .... 

•0467 

ti 

•„ 19 





„ .... 

•0443 

n 

„ 19 

1 

0 



City Hoad, Hulme (6) 

•0367 

ft 

» 8 

3 

0 

4 

29-2 

Eusholmo (c) . 

•0295 


„ 11 

, 

, 

6 

29-2 

Queen’s Park . 

•0308 


,, 14 

, 

, 

10 


Old Trafford 

•0340 

w.’ 

April 1 





„ over canal (d) . 

•0313 

„ 

I. 1 





i» ... 

•0293 

If 

2 





>1 • . . 

•0291 


,, 11 

5 50 



(14) 

•6172 







Mean . 

•0369 








(a) Fine day. (6) Strong wind. Little snow. (<?) Very windy. Hail storm 
(d) When the hour is not given, it is about the middle of the day. 
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Carhonic Acid in Close Places, 


Place. 

Per cent. 

Wind. 

Bate. 

Time dur- 
ing day. 

Temp. 

Bar. 

Theatre feoyal, pit . 

•2734 



Fob. 13 

h. m. 

e 

22 

in. 

29 3 

t, gallery . 

•1358 



„ 15 

lb 50 

29 

29 7 


•1238 



„ 15 




Queen s Theatre, pit . 

•1026 



„ 10 


26 

29*7 

yf • m 

•1019 



„ 16 




Stables (a) . . . 

•0833 





8-2 

30 

Cellar of laboratory . 

•0875 







•0572 



,, 17 


6”2 

30- 1 

Study, at table (b) , 

•1177 



„ 25 


16 

29-98 

t, ceiling 

Schoolroom 

•1561 





22 


•0970 



Mar. 15 


12 


„ ... 

•0886 



„ 15 




Brewery .... 

■1214 



„ 16 




» (c ) .... 

•180 



» 10 




Mills (e^) .... 

•286 



„ 10 

4 0 

20 


»» .... 

•283 



„ 10 

6 30 

21 


>1 «... 

•296 



„ 10 

5 30 

21 


» » . . . 

•300 

• 

• 

„ 10 

ft 

fl 


(18) 

2^8883 







Mean . 

•1604 








(а) 4 horses had been there during the night, and 3 were still there. 

(б) 4 persons were in the room, with 3 gas lights and large fire. 

(c) Near fermenting vat. (dj Taken in weaving-shed which contained 400 people. 


Carhonic Acid in the Air of Manchester, 


Place. 

Per cent. 

Wind. 

Bate. 

Time dur- 
ing day. 

Temp. 

Bar. 

Churchyard, All Saints 
Smithfield Market 

»» »» • . 
Churchyard, All Saints 

yy yf • 

Back yard of laboratory . 

11 ff 

9f ft • 

>1 • 
Philosophical Society (a) . 

» „ (5) . 

Bishopsgate (c) , 

. .. . 
Back yard oriaboratoiy (e) 

>f ff • 

•0323 

•0446 

•0464 

•0437 

•0521 

•0539 

•0383 

•0473 

•0615 

•0677 

•0683 

•0734 

•0727 

•0523 

•0541 

N.E. 

ff 

ff 

ff 

Feb. 22 

,t 20 

„ 20 
» 18 
„ 18 
t, 6 

» 6 
„ 6 
t, 6 

„ 9 

„ 9 

„ 9 

„ 9 

„ 10 
» 10 

b. m. 

li b 

ti 

11 16 

3 15 

3 35 

11 20 

5 15 

4 30 

10”30 

11 30 

o 

1 

1-3 

1-3 

5-2 

ff 

1*4 

ff 

ff 

ft 

1 

ff 

ft 

ff 

8 

ff 

In. 

29-8 

29- 95 

30- 18 

ff 

30-8 

ff 

29-55 

»» 

It 

ft 

29-4 

ff 


{a) Fog, but not veiy dense. 

id) Ibid. 


(<?) Fog very dense, 
(c) Little fog. 


(b) Ibid. 
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Carbonic Acid in the Air of Manchester— continued. 


Place. 

Per cent. 

Wind. 

Da&. 

Time dur- 
ing day. 

Temp. 

Bar. 






b. m. 

o 

in. 

Deansgate (/) . 

•0578 


Feb 

10 

2 30 


29-6 

Small court off Beny Street 

•0604 


ft 

11 

. 

4 

Midden .... 

•0724 


9f 

12 

5 6 

6'4 

29-38 

. 

•0732 


ft 

12 

ft 

„ 

99 


•0805 



13 

11 50 

7-2 

29-3 

!! .... 

•0837 


It 

13 

12 25 

ft 

ft 

Churchyard, All Saints 

•067 



19 


1 

3018 


•0447 


ft 

19 


ft 

ft 


•0518 


ti 

19 


ft 

ft 

End of Market Street 

•0374 


f» 

23 


2-8 

29-85 


•0321 


ft 

23 


ft 

ft 

Blackfriars Bridge (f) 

•0495 







Near Printing Lane . 

•0351 







Back yard of laboratory (K) 

•0327 

. 

Mar 

4 

4 0 

5-6 

29-5 

» >1 

•0319 

. 


4 

5 30 

. 

ff 

» » (*) . 

•0391 

S.W. 


7 

10 15 

9-5 

29 


•0358 

»» 

ft 

7 

11 15 

, 

ft 


•0343 


ft 

7 

12 15 

10 

ft 

„ (*) • 

•0311 

»> 

it 

7 

2 15 

7-8 

ft 

„(0 • 

•0311 

>♦ 

t» 

7 

2 50 

7-4 

ft 

1, » (^) « 

•0335 

»» 

»f 

7 

3 15 

7-2 

ft 

>. («) . 
»» >1 • 
All Saints Churchyard (o ) . 

•0367 

It 


7 

4 15 

6-4 

If 

•0333 



7 

5 15 



•0319 

E. 

f» 

8 

4 45 

4 


Stockport, back street off 


N.E. 




• 


Heaton Street (p) . 

•0415 

ft 

9 

2 30 

4 


Stockport, Chester Gate (q) 

•0351 

tf 

t> 

• 9 

3 30 

4 


„ near Grammar School (r) 

•0355 

it 

ft 

9 

4 30 

ft 


Back yard of laboratory . 
River Medlock, a little 

•0311 

. 

ft 

11 

4 50 

5 


above Brook Street 

Back street off Gray Street 

•0351 

• • 

f> 

17 

11 30 


• 

Oxford Street (s) . . | 

River Medlock, where the 

•0383 

• • 

» 

17 1 

2 30 1 



water runs into a basin . 

•0367 


o 

17 

4 15 



Canal bank, Canal Street . 

•0375 

, , 

ft 

18 

11 0 



Old Garratt, river bank . 

•0608 

, 

•ft 

ft 

22 

11 40 



Granby Row, Crown Street 

•0520 

N.E. 

22 

4 0 



>5 

•0544 


ft 

22 

99 



Scholes Street, London Rd. 

•0408 

»» 

ft 

22 

4 50 



Devonshire St., All Saints . 

•0343 

E. 

ft 

23 




St. Mary’s Gate, Exchange 

•044 

W. 

ft 

24 




>> »> 

•0375 

„ 

April 1 

11 0 



»» >» 

•0344 

„ 


1 

5 0 



»» >1 

•0333 



2 

11 0 



>» M 

•0346 

ft 

f» 

2 




>» l» • 

•0364 

S.E. 

ft 

5 

12 10 




(/) Fog. (^) Taken immediately over the water. Very bad smell. Fine day. 
(A) Rain, (i) Very fine, (y) These experiments, March 7i after 3 days* rain. 
(A) After more rain. (/) Rain. (m) Ibid. (n) Fine. 

(o) A little snow; strong wind. Snowing fast, (p) Ibid. (j) Ibid, 

(r) Very stormy. («) Rather windy, 
s 2 




52 


AIR. 


Carbonic Acid in the Air of Manchester — continued. 


Place. 

Per cent. 

Wind. 

Date. 

Time dur- 
ing day. 

Temp. 

Bar. 

f 





h. m. 



St. Mary’s Gate, Exchange. 

•0365 

S.E. 

April 5 

12 10 



»» It 

•0389 

It 

11 

5 

6 0 



11 II • 

•0398 

99 


6 

5 0 



If If 

•0317 

N.W. 

II 

11 




»» • 

•0329 

99 

II 

11 




Back vard of laboratory . 

•0399 

S.E. 

II 

5 

2 30 



II II 

•0352 







II II 

•0312 


II 

6 




Ditto, over some mud 

•0368 



6 

3 0 



II ^ II • 

•0415 


II 

6 

ft 



Ditto, over jar of mud 

•0433 


II 

7 




II II 

•0404 


„ 

7 




11 II • 

•05(1 


II 

7 

3 0 



II II • 

•0343 


II 

7 




Yard .... 

•0353 



7 

5 0 



It .... 

•0387 


»’ 

7 

- 




The following summary may be made of the Man- 
chester results : — 


Average of Car- 
bonic Acid per cent. 


In Manchester Streets in usual weather . . . *0403 

During fogs '(1679 

About middens, of which there are thousands '0774 

Average of all the town specimens . . '0442 

Fogs excepted . . . • , '0424 

Fogs and middens excepted . . '0403 

Where the fields begin . • . . *0369 

In close buildings '1604 

Minimum of suburbs • . • • *0291 


When approaching the country the amount seems 
occasionally very low ; probably the lower grounds, with 
much vegetation, are subject to variations below and 
above the standard, and such as are not found in exposed 
or bare regions. 

There may be noticed in Manchester a tendency to- 
wards increase of carbonic acid as the day advances, as 
if at times the ventilation could not keep down the in- 
crease of acid : this is contrary to the results in a country 
place. There is less after rain, and less during high 
winds. 
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Carbonic Acid on the River Thames j April 1864. 


Locality. ^ • 

Wind. 

Carbonic acid 
per cent. 

London Bridge 

s.w. 


City side 

•0364 

Middle ...••> 

tf 

•0383 

Surrey side 

ff 

•0383 

Westminster Bridge : — 


•0313 

City side 

f9 

Middle 

fy 

•0344 

Surrey side 1 

” 1 

•0298 

Before the Houses of Parliament . 

yy 

•0329 

Lambeth Bridge : — 


•0329 

City side 

yy 

Mean 

yy 

•0343 


Carbonic Acid in the Open Places of London^ 


Locality. 

Wind. 

1st exp. 

2nd exp. 

Hyde Park .... 

S.W. 

•0334 

•0334 

Tne same .... 

S.E.from city 

•0306 

•0299 

Kegent’s Park 

N.E. 

•0304 

•0304 

St. James’s Park . 

yy 1 

•0285 


Duke of York’s Column 

yy 

•0285 

• -0280 

Mean of 5 experiments . 

• 

•0301 



Carbonic Acid in the Streets of London, 


Locality. 

Wind. 

Carbonic acid present. 


• 

Ist exp. 

2nd exp. 

Cheapside, Post Office end . 

s.\y. 

•0352 

•0337 

Outside the Exchange . 

yy 

•0398 


Newgate Street .... 

J2 

■0413 

•0344 

Oxford St., above Regent’s Circus 

E. 

•0344 

Lower Thames Street . 

yy 

•0428 


Small Alley, Smithfield 

yy 

•0337 


Small Court, Smithfield 

yy 

•0398 


Small Court, Upper Marsh, Lambeth 
New Cut, Lower Marsh, Lambeth 

yy 

•0382 


yy 

•0413 


Top of the Monument . 

yy 

•0398 

•0405 

Mean of 10 experiments 

yy 

•0380 


Mean of experiments in Lou- 


•0341 


don 1864 .... 

yy 
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With, the aid of Dr. Bemays, of St. Thomas’s Hospital, 
I have also obtained the amount of carbonic acid in close 
places in London. * 

t Carbonic Acid in Close Places in London, 

Per centage 
by volume. 


Chancery Court, dosed doors, 7 feet from ground, March 3 *193 

Same, 3 feet from ground *203 

Chancery Court, door wide open, 4 feet from ground, 11.40 

A.M., March 6 *0607 

Same, 12.40 p.m., 5 feet from ground .... *045 

Strand Theatre, gallery, 10 p.m. ..... *101 

Surrey Theatre, boxes, March 7, 10.3 p.m. . . . *111 

Surrey Theatre, boxes, March 7, 12 p.m *218 

Olympic, 11.30 p.m *0817 

Same, 11,65 p.m '1014 

Victoria Theatre, boxes, March 24, 10 p.m. . . . *126 

flaymarket Theatre, dress circle, March 18, 11.30 p.m. . *0767 

Queen’s Ward, St. Thomas’s Hospital, 3.26 p.m. . . *040 

Edward’s Ward, St, Thomas’s Hospital, 3,30 p.m. . . *052 

Victoria Theatre, boxes, April 4 *076 

Effingham, 10.30 p.m., April 0, Whitechapel . . . *126 

Pavilion, 10.11 p.m., April 0, Whitechapel . . . *152 

City of London Theatre, pit, 11.15 p.m., April 16 . . ^ *252 

Standard Theatre, pit, 11 p.m., April 16 . . . . *320 


Pettenkofer inform*s us that the air of Munich may be 
taken as containing about '05 per cent, of carbonic 
acid ; with us it is certainly below this amount ; and if 
raised to '05 by breathing, one would perceive it. May 
we conclude that such a small amount is imperceptible 
without organic emanations ? Munich is very high ; the 
air must sweep over the whole continent to come to it ; 
it may wash up the carbonic acid, and, perhaps, oxidize 
the organic matter. 

Air with a very small loss of oxygen is perceptibly 
deteriorated if its place is occupied with carbonic acid 
and exhalations from the person, although we are not 
able to say how far this is the case when carbonic acid 
alone is substituted for this small amount of oxygen. 

On the Thames it is clearly seen that the open river 
is pmer than the streets when the water is not putrid. 
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It is purer above, at Westminster, than at London Bridge. 
London is freer from this gas than Manchester, although 
not equal to the parks in March* and April, when the 
experiments were made. When the new sewers are 
complete, the difference will probably be perceptible. 

These analyses indicate that a very minute amount of 
carbonic acid shows deterioration of air sufficient for the 
senses to observe. The senses observe a difference be- 
tween Manchester and the outskirts. The difference is 
*0034 per cent. The senses observe, it in London, 
where the difference between the streets and parks is 
'0040 per cent. They observe it also on the Thames, 
and in wet weather. But they do not observe it_ in 
Munich, which has more carbonic acid than even these 
towns, and more than the New Cut or Lower Thames 
Street. The conclusion is, that carbonic acid in these 
small amounts is not that which annoys us. In some 
towns it is no doubt sulphurous acid, in others organic 
matter and gases from putrefaction. 

It does not follow that we must therefore ileglect car- 
bonic acid ; on the contrary, it dught to be examined 
minutely, so that not the smallest increase be allowed, 
if possible ; not that we know certainly of any positive 
evil which it can do of itself in these small quantities, 
but because it almost always comes in bad company. 

In the above analyses the air containing *0774 is really 
worse than that containing *161)4 and even *3, because 
over the middens there is a little sulphuretted hydrogen. 
It is well, then, in such cases to use a double test. In- 
deed it is probable enough that other gases besides sul- 
phuretted hydrogen, such as marsh gas and hydrogen, 
products of decomposition, are issuing from cesspools 
and middens. I should not say probable ; it is really 
certain. These gases, including the carbonic acid, show 
the reason why less oxygen should be found in such 
places. 
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I believe these analyses are of importance in the 
enquiry into the state of the air of all places, as they 
teach us the meaning of a deviation from the normal 
amount of carbonic acid as well as of oxygen in the air. 
A deviation of '02 is not pleasant to us when it is caused 
by simple want of ventilation. If it is accompanied with 
gases of putrefaction, it is much more hurtful, as some 
of these are very deadly. 

These analyses teach us to be very careful not to 
allow the air to become deteriorated even to a very 
minute extent, and that a figure in the third decimal 
place is not to be despised ; but they teach us more — 
namely, that in some places, such as high mountains, a 
slight increase of carbonic acid, such as is found in the 
third, or even to the length of 2 in the second place, is 
rather a proof that the oxygen of the air has done its 
work well and purified the atmosphere, and that this 
increase is probably owing to pure carbonic acid. It 
would be well to have the experiments of Schlagintwcit 
confirmed, where '07 and "09 are found on high moun- 
tains. We all avoid an atmosphere containing •! of 
carbonic acid in crowded rooms ; and the experience 
of •civilised men is that it is not only odious but un- 
wholesome. Wlien people speak of good ventilation in 
dwelling-houses, they mean, without knowing it, air with 
less than '07 of carbonic acid. We must not conclude 
that, because the quantity of carbonic acid is small, the 
effect is small ; the conclusion is rather that minute 
changes in the amount of this acid are indications of 
occurrences of the highest importance. 

Further enquiry was made in 1869. 
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London Air. — Carbonic Acid. — November 1869. 



Place. 

^ Carbonic acid 
per cent. 

Average, 

1 

1 

2 

N. 

N. i 
N.E. 
N.E. 
N.W. 
N.W. 
N.W. 

Islington, Duncan Terraco 

Iloxton, Hoxton Square . 

Dnlston, Albion Road 

Hackney, near Hackney Station 
Clarendon Square, Somers Town . 
Alpha Road and Grove Road 

Near Belsize Park .... 

*0474 

•0475 

•0443 

*0408 

•0448 

*0419 

•0391 

*0474 

*0476 

*0443 

•0408 

•0448 

*0419 

*0300 

*0474 

*0476 

•0443 

*0408 

•0448 

•0419 

*0376 


Average (Belsize Park out) • . . *04446. 


S. 

Two miles from Clapham Junction . 

*0346 

*0346 

•0346 

S. 

Lambeth, back street near workhouse 

*0471 

•0471 

•0471 

S. 

Kennington Park .... 

•0376 

*0376 

*0376 

S. 

Pleasant Place, Elephant and Castle 

•0467 

*0467 

•0467 

S. 

Deverell Street, off New Kent Road 

*0457 

•0457 

•0467 

s.w. 

Brompton, back street off Sloane St. 

•0477 

*0477 

*0477 

s.w. 

Brompton Orescent 

*0446 

*0446 

•0446 

s.w. 

Blackland Terrace, off Kent Road . 

*0608 

•0508 


s.w. 

Chelsea, Park Lane, off Church St. 

*0446 

•0445 

•0445 

s.w. 

Near Battersea Bridge . 

•0413 

•0413 

•0413 

s.w. 

Chelsea Hospital, gardens near river 

•0413 

•0413 

•0413 

s.w. 

South Lambeth, Cavendish Grove . 

*0421 

•0461 

•0431 

s.w. 

Vauxhall Bridge, near river . • 

•0417 

•0417 

•0417 

s.w. 

Houses of Parliament Terrace 

*0430 

•0430 


s.w. 

Westminster Abbey Yard 

*0419 

*0419 

•0419 

s.w. 

Trafalgar Square .... 

*0420 

*0420 

mm 

Average (two miles from Clapham Junction left out) *04394. 

E. 

Bethnal Green Rd. & Punderson St. 

•0474 

•0506 

•0490 

E. 

Stepney, White Horse Street . * . 

•0501 

*0472 

*0488 

E. 

Near London Docks 

*0528 

•0508 

•0518 

E.C. 

„ London Bridge 

*0407 

*0407 

*0407 

E.C. 

„ Bank of England . 

•0492 

*0482 

*0487 

E.C. 

„ Holborn Viaduct . 

•0457 

•0467 

*0467 


Average .... 

• 

04745. 


W.O. 

Woburn Sq., near British Museum . 

*0442 

•0442 

*0442 

W.C. 

Near Tavistock Square . 

•0439 

*0439 

*0439 

W. 

Regent Street, Great Castle Street 

•0460 

•0442 

•0454 

W. 

Oxford Square, near Edgware Road 

•0385 

*0385 

*0385 

W. 

Hyde Park, Sloane Street 

*0382 

•0382 

*0382 

W. 

Middle of Hyde Park 

•0382 

•0362 

•0367 


Average ...... *04115. 


Total average (two miles fromClapham Junction not included) •0435)4. 
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London Ait\ — Carbonic Acid. — Metropolitan Railway , — 
November 18G9. 


Bate. 

c 

t 

Place. 

« 

Time of d%y. 

Carbonic 
Acid 
per oenf^ 

Oxygen 
per cent. 

1869. 
Nov. 12 . 

Tunnel between Gower 
Street and King’s Cross 
Stations : specimen 

taken at the open win- 
dow, first-class carriage 

10 A.]t. 

'150 

20-60 

„ 12 . 

Tunnel between Gower 
Street and King^s Cross 
Stations : specimen 

taken at the open win- 
dow, first-class carriage 

7.30 P.M. 

•078 

, 20-70 

„ 12 . 

Tunnel, Praed Street : 
specimen taken at the 
open window, second- 
I class cama^ 

Specimen taKen during 
journey between Gower 
Street and King’s Cross, 
first-class carriage, win- 
dows open . 

10.30 A.M. 


20-71 

„ 16 . 

10.15 A.M. 

•asB 

20-66 

„ 15 . 

Same .... 

3 I».M. 

•156 

20-70 

„ 15 . 

Same .... 

• 

11 P.M. 

•150 

20-74 

1 

Average « . 

• 

•1452 [ 

20-70 


Carbonic Acid in Scotland. 

« 

Having written so far, it was desired to throw more 
light on the subject by obtaining specimens from purely 
rural and hilly districts J and for this purpose Scotland 
was preferred. The uniformity in the numbers is some- 
thing remarkable. There is no difference in the second 
decimal place, even in one instance, until we enter a 
town. I must therefore consider 'OSSG per cent, as the 
amount of carbonic acid in the pure winds of the north 
of this island. Any amount above that is a deviation 
from purity. If we have regard to the third place of 
decimals, we find there nothing to indicate a deteriora- 
tion ; and we can scarcely hope to rely on the fourth 
place. Still the results in the fourth place are not to be 
rejected : we find them the highest on the plains, less at 
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1.000 and 2,000 feet, and more again at 3,000 to 4,000 
feet, making differences of three in a million, and so at 

3.000 feet beginning to increase, ds other observers have 
stated to be the case at great elevations. 


Carbonic Acid — Scotland,- 


Perth («) 


Aug. 4, 1 P.M. 


Moncrieffb Hill (fc) . Aug. 5, 12 noon 


Kalifountain Hill (c) 
Kinnoull Hill {d) 

If . >» 

Bimam Hill (e) 
Ochil Hills (/) 


Ben Lodi {g) . 

if If ‘ • 

Bon Voirlich (h) 

ff ft • • 

Ben Muich Dim (i) . 

ff ff . ff 

Lochin-y-gair (./) . 

ff ff - 

Hill near Braeinar(A;) 

ff ff ff 

Ben-na-hourd (/) 

ff ^ff 

Ben Nevis (m) 

ff ff • • 

Ben Lomond (ii) 

ff ff • • 

Schehallion (o) 


„ 8 A.M. 

Aug. 6, 12 noon 

ff ff 

Aug, 8, 11 A.M. 

„ 12 noon 


Aug. 10, 11 A.M. . 

„ 6 P.M. . 

Aug. 11, 12 A.M. . 

„ G p M. . 

Aug. 17, 2 P.M. . 

ff ff * 

Aug. 18, 3 P.M. . 

ff ff 

Aug. 20, 3 P.M. , 

ff ff 

Aug. 23, 8 A.M. 4 
„ 1 P.M. . 

Aug. 30, 5 P.M. • . 

„ 1 P.M. . 

Sept. 2, 3 P.M. . 

I „ 12 noon 

Sept. G, 10 A.M. . 


Carbonic acid in 

100 parts. 

At foot. 

At top. 

•0341 

• -1 

•0340 

• j 


•03291 


•03G1 / 


•0331 


•03161 


•0315/ 


•0300 1 


•0300/ 


•0352 1 


•0342 / 

•0342 

•0323 1 

•032!) 

•0331 / 

•0320 

'0321 ) 

•0320 

•0310 / 

•034G 

•03571 

•0342 

•0350/ 

•034G 

•0337 \ 

•0342 

•0332/ 

•034(5 

•0327 1 

•0342 

•0334 J 

•0344 

•03371 

•0357 

•0337 J 

•034G 

•0322 1 

•0350 

•0344 1 

, , 

•0334 f 

•0341 

•0335 1 

•0340 


•0341 

•0332 


Foot. Top. 


(rt) Windy and cloudy. (b) Windy and cloudy, S.W. wind. (c) Pew 
clouds, sunset, N.W. (d) Windy and cloudy, W. (e) Windy and 
clear, N.W. (/) Clear, N. (y) Clear, N. W., at foot. Cloudy, N.W. 
by N. at top. (h) Clear, N.W. • {t) At foot, cloudy, N.W. On top, 

thick mist and drizzling rain. ( H On top, cloudy, N.W., as at the foot. 
(A;) Cloudy, N., rainy. (1) Clouay, N. (?n) At foot, rain. On top, 
cloudy, N.W. (w) At foot, rain, N.W. At top, cloudy and misty, N.W, 
(o) At foot, cloudy, N.W. At top, rain, N.W. 
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Carbonic Acid. 


Places not 1,000 feet high. 

Places between 1 ,000 and 2,000 feet 
' high. 

Nome of Place. 

COa in 
100 pts. 

Name of Place. 

COg in 
100 pts. 

Perth ..... 

»>••••• 

Moncrieffe Hill . 
Kalifountain Hill 

Kinnoull Hill 

Errol (marshy ground) 

Foot of Ben Ledi 

Foot of Ben Voirlich . 
Aberdeen .... 

Elgin 

Inverness (Moray Frith) 

„ (above the town) . 

Caledonian Canal 

Loch Ness . . . 

Foot of Ben Nevis (Ben- 
navie) .... 

Oban 

Foot of Ben Lomond . 

Forest near Killiecrankie 
Pass .... 

Foot of Schehallion (Tum- 
mel Bridge) 

*0341 

•0340 

•0340 

•0331 

•0315 

•0314 

•0335 

•0329 

•0329 

•0347 

•0341 

•0341 

•0341 

•0329 

•0346 

•0348 

•0350 

•0353 

•0340 

Birnam Hill 

Ochil Hills 

Braemar (Castletown) 
Ballochbuie Forest . 

Hill near Castletown . 

Mar Forest 

Braemar (on the Doe) 
Schehallion 

•0300 

•0347 

•0344 

•0332 

•0334 

•0339 

•0344 

•0335 

Mean . 


Mean 



Carbonic Acid. 


Places between 2,000 and 3,()0Q 
feet high. 

Places above 3,000 feet high. 

Name of Place. 

CO 2 in 
100 pts. 

Name of Place. 

COa in 
100 pts. 

Ben Lomond 

•0339 

Ben Muich Dhu 

•0356 

lien-na-Bourd 

'0337 

Ben Nevis .... 

•0327 

Ben Voirlich 

•0320 

Ben Ledi .... 
Lochin-y-gair . 

•0327 

•0335 

Mean .... 

•0332 

Mean 

•0336 


Mean of all the foregoing in Scotland . . . *0336 
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Braemar 


Tummel Bridge 


Mean , 


Ballochbuie Forest; near I 
Castletown . . *. ! 


Mar Forest; 


Forest near ihllicranlde 
Pass . . . . I 


. -0343 


. -0337 


Carbonic Acid, — Perth City and outsJcirta, 


Name of Place. 


Time. 

COa in 
100 pts. 

Oct. 10, 

11 A.M. 

•0399 

>1 

12, 

7.26 A.M. . 

•0401 

f} 

12, 

8 A.M. . 

•0362 

If 

12, 

1 P.M. . 

•0324 

ff 

12, 

3 P.M. , 

•0332 

ff 

12, 

10 P.M. 

•0573 

ft 

14, 

8 A.M. . ^ . 

•0430 

ff 

17, 

9 P.M. . 

•0508 

ff 

•18, 

11.16 a.m. . 

•0464 

ff 

18, 

12.20 P.M. . 

•0363 

• 

• 

• 

•04,136 

Oct 

•17, 

9.40 P.M. . 

•2674 


Close, 148 South Street . 

Over a conduit, Atholo Crescent 
On North Inch, near the last . 
Craigie ..... 


Paul’s Close, Newrow 
Close, 44 Pomarium 
„ 82 South Street 

„ 44 Pomarium 


Mean *04 

Weaver’s Shop, 66 Pomarium . , Oct. 17, 9.40 p.m. . *26 

Glasgow, — Carhonir, Acidy 1869. 

Carbonic Acid per Cent. 

The Closer Parts — ^Winter. , 


Exchange, front of ... 

» ... 

A court, Vi^inia Street 
St. Vincent &eet. West Nile Street 
London Street, near the Cross . 
Blackboy Close, Gallowgate . 

A close. Wells Street . 

Open ground behind the barracks . 
King Park Place, Glasgow Green . 
Tennant Street, St. Rollox . 
Charles Street, St. Rollox 


1 

2 

Average. 

•0678 ! 

•0608 

•0643 

. . 


•0618 

. . 

, , 

•0468 

•0531 

•0561 

•0646 

, , 


•0478 

•0686 

•0638 

•0661 

•0692 

•0716 

•0704 

, , 


•0398 

•0463 

•0407 

•0430 

•0640 

•0589 

1 -0664 

•0640 

•0515 

•0527 

. -0639 
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Glasgow, — Carbonic Acid, 


The Opener Parts — ^Winter. 

Carbonic Acid per 

Cent. 

1 

2 

Average. 

Stirling Road, near Taylor Street . 
Robbie’s Loan, near Poorhouse 

•0515 

•0496 

•0505 

•0458 

•0531 

•0494 

New City Jioad . . . . . 

•0490 

•0441 

•0408 

St, Vincent Street, Elmbank Street 

•0404 

•0458 

•0446 

A green near Elmbank Street 

•0429 

•0394 

•0411 

Park Terrace, West 

•0314 

•0301 

•0337 

Anderston Quay .... 

•0458 

0606 

•0482 

North Street, Main Street 

, , 

, , 

•0504 

Finnieston Quay .... 

* Open ground, end of Stoberoas 

•0434 

•0380 

•0410 

Street, near a foundry 

•0515 

•04C6 

•0490 

Average . 


. -0461 


Total Average of Carbonic Acid 

. *0502 



We must carefully study the numbers in the City of 
Perth. The whole week was windy ; but still thenmount 
is higher than round the city at some distance. Although 
there is much irregularity in the instance at Craigie, 
above the town the number is high. The analysis was 
repeated with the same result : the reason is not clear ; 
chimneys may suggest one. On Kinnoul Hill and Errol 
the amount is lower than in any case, although the latter 
was wet and marshy. Such enquiries scarcely end. I 
must take the amount in the town on a calm day. 
There is, however, sufficient given to prove that, taking 
the oxygen and the carlpnic acid together, there are 
indications which, although minute, may be found to 
correspond to great effects. The close places of the 
town have been of late very unhealthy. 

To the series of analyses of air from various places it 
may be well to add some of the air from hospitals in 
London. These cannot be taken as sufficient, since an 
enormous number are required for proofs in these times, 
when every word spoken finds at once a ready doubter, 
if not an opponent. They are, however, specimens, and 
will serve to make comparisons in time to come. 
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The quantity by day in one of the rooms at each of 
the workhouses was greater, and the quantity of oxygen 
less than in the other rooms, and shows that the arrange- 
ments for ventilation were not equally good in all. 

The least and greatest amounts thus obtained by day 
were : — 


Carbonic acid. Per cent. Oxygen. 

Minimum . . • *0443 I Minimum , 

Maximum . • • *0755 | Maximum . 

And the mean of all the experiments gave — 
•0560 I 

The quantities at about midnight were — 

Minimum . • • *0524 I Minimum . . . 

Maximum . . . *1044 | Maximum . 

And the means of all were ; — 

•0777 1 

The quantities at about 5 A.M. were — 

Minimum . • . *0021 | Minimum , 

Maximum . . . *0860 | Maximum . 

And the mean of alLwas : — 

•0781 I 


Per cent. 
20*88 
20*93 


20*9033 


20*863 

20*866 


20*876 


20*843 

20*890 


20*869 


As the object of the enquiry was to show the com- 
position of the air in well-ventilated rooms, it would be 
more correct to refer to results obtained in other hos- 
pitals ; but of these no' store presents itself, and I can 
only place the mean of the above with the minimum 
of carbonic acid, and the maximum of oxygen side by 
side. 


Carbonic acid. 

Oxygon. 


Day. 

About 

midnight. 

About 

5 a.m. 

Day. 

. 

About 

midnight. 

About 

5 A.M. 

Means . 

Minimum 

Maximum 

*0668 

*0443 

Per cent. 
*0780 
•0624 

Per cent. 
*0802 
*0621 

20*893 

20*93 
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When, however, the four best ventilated wards are 
selected, the means are as follow : — 


Showing the Composition of the Air in the best Ventilated Wards. 



Day. 

Midnight. 

Morning. 

Carbonic 

acid. 

Oxygen. 

Carbonic 

acid. 

Oxygen. 

Carbonic 

acid. 

Oxygen. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Lambeth : — 







No. 5 

•0468 

20*90 

•0712 

20*876 

•0756 

20*87 

Chelsea : — 







No. C8 

•0443 

20*93 

•0524 

20*806 

•0607 

20*886 

Homerton : — 






1 

No. 8 

•0472 

20*91 

•0703 

20*886 

•0705 

20*89 

No. 10 


20*04 

*0771 

20*8866 

*0621 

20*89 

Means . 

•0463 

20 92 

•0677 

20*886 

•0694 

20*884 


Carbonic Acid and Oxygen in the Air of three Bedrooms of a Private 
House ; one Person in each. 


Room. 


Carbonic acid. 

Oxygen. 

Capacity of 
room in 
ci^bic feet. 

Reduced. 

Unreduced. 

1 f 

*lst day 

•0606 

•a570 

20*90 

1,221 

I . . 1 

2ijd „ 

•0519 

•0478 




1st 

•0626 

•0590 

20*89 

2,079 

2 . . 1 

2nd „ 

•0670 

•0621 


• 

1 J 

Ist 

*0560 

•0529 

20*89 

2,042 

3 . . 1 

2nd „ 

•0738 

•0082 



Means . 


•0619 

•0578 




Hence it appears that the quantity of carbonic acid in 
the air of open spaces in London during the daytime 
varies from '0334 per cent, in Hyde Park to '0428 
per cent, at Smithfield. In the wards of St. Thomas’s, 
•046 ; in the law courts, from '0507 to ‘203 ; in the 
theatres, from *0817 to '320; and in the hospitals at 
Madrid, from '27 to ’43 per cent. But in the work- 
house wards in question it was on the average '0463, 
and at the minimum ’0443 per cent., a quantity scarcely 

^ Tlie two averages for each room were on different days. 
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exceeding that in the open air and equal to that in the 
wards of St. Thomas’s. This is the quantity which is 
found during 18 of the 24 hours daily. 

I conclude with a short paper, read a few years ago, 
.showing a great contrast between two qualities of air. 

As my friend Mr. Alfred Fryer was going to the West 
Indies and America, I made up a box of tubes to hold 
specimens of air, adding also apparatus for its collection. 
He has brought mo back some of the tubes filled ; the 
rapidity of his movements prevented him from obtaining 
many. As Mr. Fryer is known to be a skilful experi- 
menter we may be sure that the specimens are well 
preserved. 

The air from off the Atlantic is seen to contain more 
oxygen than any of the others. I did not expect that 
with such a small number any average could be obtained 
that could be usefully compared with other results ; but 
we find here that the amount of oxygen is almost iden- 
tical with that found by me in the air on the sea-shore 
and open heaths of Scotland, and the amounts found by 
others in places wh'ere the best air was obtained. In 
other words, this air stands in the first class as regards 
oxygen, and we could expect nothing less. 

The amount of carbonic acid could not be taken with 
confidence in the small quantity of air at command. 

When we look at the analysis of the air from the island 
of Antigua we find some loss of oxygen ; this corresponds 
to the outer circle of Manchester during dry weather, but 
not quite equal to the same in wet weather. In Antigua 
the morning was showery when the specimens were taken 
— April 11, 1865, at 9 a.m. 

It is interesting and important to know that we can 
trace these small changes. It is probable that to them 
in part is due the character both of body and mind, not 
merely found in races, but in sections of the same race, 
separated perhaps by a hill or a stream, or raised from 
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the ground by a difference sometimes of a few feet only, 
although at times hundreds or thousands. 


Oxygen per cent in some Specimens of Air. 


18 ft. above water. Fine day. 

2.30 p.M. 

Lat. N. 43° 6', Long. W. 17° 12'. 
21*0100 
21 

20*9700 

Mean . 20*9900 Mean 


St. John’s, Antigua. 
April 11, 1865, 9 A.M, 
Showery morning. 
20*9600 
20*9100 
21 

. 20*9500 


Dr. Tliorpe in the Mem. of the Literary and Philo- 
sopliioal Society of Manchester, and ‘Chemical Society 
Journal, 1867,’ has given -03 carbonic acid per cent, for 
sea air ; in tropical Brazil, April and May, ’0328, and 
•0308 over the Irish sea in July and August. His 
details are very interesting. There is no distinct differ- 
ence at night. 

During a visit to London a scientific friend called my 
attention to a law court which was badly, or rather in 
no way, ventilated ; and I collected specimens. * 

Law Court, from the lantern. 

Law Court, Feb. 2, 1866. 4.30 p.m. just as the 

Court was closing. 

20*6400 20*6000 

20*6700 20*4800 

Mean . 20*6600 Mean . 20*4900 

The court was extremely warm and unpleasant at the 
moment of entering, and even after some minutes it was 
not to be voluntarily borne ; I therefore did not attempt 
to penetrate the mass of people, but took specimens of 
air when perhaps eight feet from the door. On coming 
out, the feeling of relief was remarkably pleasant. This 
feeling, as elsewhere explained, is usually accompanied 
with a restoration of the normal action of the heart, and 
a calmer respiration. 

The amount of oxygen in places not mountainous is 
given by me as 20’978 — an average from many analyses. 

r2 
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London always stands well in examinations of air, and 
the parks will contain about 20’9800, and sometimes 
more, judging from the carbonic acid of which estimations 
have been made, leaving out the oxygon. We have then 
209,800 of oxygen in a million, but in the law court only 
200,500, or a loss of 3,300 in a million. Examining the 
tables to which I have already alluded, we find no place 
above ground with such a small amount of oxygen, except 
the gallery of an extremely crowded theatre at half-past 
ten at night, when the whole evening had been spent in 
spoiling the atmosphere, and those places at the backs of 
our houses, which we are not expected to name, much 
less to inhabit. Although by analysis these places were 
as bad as the court, in reality they were less so, as the 
court temperature was very high, and the organic matter 
from perspiration in proportion. The deleterious effects 
of this we are not yet able to judge of ; the other we can 
to some extent measure. I say deliberately that this 
court where I took the air was worse than the middens 
alluded to. 

The warmer air rises, and that at the ceiling is gene- 
rally the worst. This, however, depends upon circum- 
stances ; if it has time to cool, from the height and space 
being great, the carbonic acid may be arrested before 
reaching a great height. 

If from a space fillM with warm air in which many 
persons have breathed we fill a flask and weigh it, we 
shall find that, unless the carbonic acid is unusually great, 
the weight is less than the weight of the same bulk of 
air taken before it was warmed by human beings. If 
we shut up the space and allow it to cool to its first 
temperature, and weigh a similar bulk of air, we fiijd 
that it is really heavier than it was at first. Fortunately 
the warmth raises the air above us, and it seeks an exit 
away from our lungs ; so that air rendered in this way 
impure is made lighter, but as soon as it cools, it is 
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heavier than at first and falls down. .To ventilate well, 
the air must be removed before it cools, and the heating, 
cooling, and ventilating must work in harmony. It is 
not easy to bring these agents to act so. ^ 

The air raised into the lantern above the court was 
inferior to that below, and contained ordy 20‘480() of 
oxygen, being a loss of 5,000 in a million. Nature 
never seems to ofler us air with a loss of even 1,000 in 
a million. Comparing healthy places with healthy, the 
difference is about 200, and perhaps this indicates a 
similar difference of vitiil principle in the air. 

I need scarcely say that I found no such loss of oxy- 
geti in the mills of Manchester, or in any other inhabited 
])lace above ground during the day. If we seek air 
similarly degraded, we must descend the shafts of mines, 
and there we find oxygen removed in some places to 
a much greater extent. As an average, however, the 
currents iii a metalUferous mine gallery contain 20'6500 
of oxygen, exactly the amount in the court, and the air 
under the shafts 20'424, almost exactly the amount in 
the lantern. I certainly am anxibus to see legislation 
in favour of miners; but this is a circumstance rather 
adverse to my hopes. • 

Combustion of the Carbon. 

According to the best founded ?lata there are burnt in 
the course of a year in Manchester 2,000,000 tons of coals. 
Now, supposing tlie district in which it is burnt to be 4 
miles square, or 16 square miles, and the height of the 
atmosphere which is used by the inhabitants to be 00 
feet, and the amount of carbon in the coal to be 75 per 
cent., we have introduced into this region in the course 
of a day 15,066 tons of carbonic acid, or l‘G499 per 
cent, of the air. Now, it may be said that the region is 
not correctly laid out; that 16 miles is too extensive, 
and 60 feet is not sulficieutly high. In fine weather I 
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believe that the atmosphere is influenced by the smoke 
at least to the height of 600 feet. If that extent were 
taken, we should find the amount of carbonic acid equal 
to -16499 of the air. But as a medium will probably 
be correct, let us say 300 feet high, and the amount will 
then be -33 per cent, of carbonic acid thrown into the air. 

The several cases will stand thus : — 

Per cent. 

On a space of square miles, 60 feet high, there is an 

amount of carbonic acid from coals equal to. . . 1*6499 

To this add the amount already in the air . , . *06 

Now, supposing 400,000 inhabitants give out 266 cubic 
feet of respired air with 6 per cent, of carbonic acid, 

there will be 330 tons or ‘0362 

Total carbonic acid . . . 1*7461 

If this were changed ten times a day, the result would 


be, at any given period — 

Carbonic acid from coal 

. *16409 

Carbonic acid from breath 

. *00362 

Usual amount of carbonic acid in the air 

. *66 

Total at a given time 

. *22861 

If the air were changed twenty times 

a day, the 

result would be — 

Carbonic acid from coals 

. *08248 

Carbonic acid from expired air of inhabitants . 

. *0018 

Carbonic acid of the atmosphere .... 

. *06 

« 

*f4428 


But as a medium state is common, let us suppose the 


height to be 300 feet, changed 
result is — 

ten times a day, then the 

Carbonic acid from coals 

. *033 

Carbonic acid of expired air . 

. *00072 

Carbonic acid of the atmosphere . 

. *06 


•0037“ 

The average speed of the air at Liverpool is equal to 


12-62 miles per hour by the observations of Mr. Ilartnup, 
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F.E.A.S., of the observatory there ; let us say twelve 
miles at Manchester. It would sweep over the four miles 
three times an hour, or thirty-six times in twelve hours. 

This would give with the height of 300 feet — ^ 

Carbonic acid from coals '0091 

Carbonic acid from expired air . '0002 

Usual amount *06 

' 0693 “ 

So that states of the atmosphere occur when the 
amount is very small when put into figures. Allowing 
the air outside the town to have '03 of carbonic acid, 
and allowing the conditions in other respects to be the 
same as the last mentioned, we have — 


Carbonic acid from coals 

, 


. -0091 

Carbonic acid from expired air 

. 

, 

. '0002 

Natural carbonic acid 

. 

. 

. '0300 




'0303' 


When we examine the subject in this manner, we 
perceive how small is the actual amount of effect which 
the accumidated efforts of art can produce on nature, and 
we are inclined to look on the result as not to be re- 
garded. These calculations agree so far with the results 
obtained that I am disposed to think that each is nearly 
true in its turn. 

The above calculations, taken' from a paper in the 
‘ Journal of the Chemical Society,’ written when groping 
my way in a place rather darker than it is at present, 
may be taken as an introduction to the tables of carbonic 
acid for this country. 

Mode op Eeading the Numbers. 

When we read of a fraction per cent, we imagine the 
amount to be veiy small ; and if the fraction is in the 
second decimal place we have no fiiith in it. We are 
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quite wrong. The amount of sulphuric acid in the air 
is still less than the carbonic acid, and yet a greater 
effect is produced on the atmosphere than is indicated 
by the amount shown in the oxygen or carbonic acid 
volumes. In speaking of these gases, we have been 
accustomed to disregard minute differences, and one- 
tenth of a per cent, of oxygen more or less is indiffer- 
ently given or taken. We may reconsider this question 
of fractions. It is common to read the carbonic acid 
as so much in 10,000 ; if we read the oxygen column 
in the same way we shall find that the difference be- 
tween 21 per cent, of oxygen and 20'90 is really 10 in 
10,000 of the air and ‘47 per cent, of the oxygen. 
This amount in the case of some gases is sim]jly intoler- 
able ; and although not perceptible as regards oxygen, 
it may not be less efficient. I conclude from these 
enquiries that we must pay attention to the number in 
the second place for oxygen : perhaps at a future time 
we may arrive at the third. 

In the case of carbonic acid we must attend to the 
third even now, as I ‘believe, and for scientific purposes 
even to the fourth, or one part in a million. The numbers 
are all put down as fractions, and may be read as frac- 
tions per cent. ; but they may all be read as whole 
numbers, disregarding the decimal point. Thus ’O-lll 
will mean 314 in a million. ISetween this and *0400 
we have 86 in a million, which is no trifling amount 
even to the senses in the case of many gases, and we 
must learn that the effect of poisons on health is not in 
proportion to the effect on the sensations. 

Let us consider what is meant by this 86 in a million. 
A room twice the size of one not unusual, or two 30 feet 
long, 24 wide, and 15 high, will contain 21,600 cubic 
feet, or 37,324,800 cubic inches. If we introduce 
•0086 per cent., we bring 3,209 cubic inches of car- 
bonic acid into the room, which will be considered a 
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large amount if put together in vessels : it is nearly 12 
gallons. During fogs there will be an addition of nearly 
five times the amount = 60 gallons, or 405 in a million. 
If we take the numbers found in a very moderately close 
building, we add 1,235 in a million, or 14 times the first 
amount, or 168 gallons. If we make the room as close as 
a crowded theatre, taking the number given for one in 
London '320, we add 2,831 in a million, or 377 gallons. 
And when we come to the state of air in mines, we have 
various numbers, in a few instances rising to more than 
2 per cent. — nearly a million cubic inches, which would 
be 578 cubic feet, for the supposed room, which does 
not differ far from this in which I now speak [the Meet- 
ing-room of the Literary and Philosophical Society of 
Manchester]. 

In order to read off* the amount in a million, there 
ought always to be four figures after the decimal point. 

THE AIR OF MINES. 

In addition to the analyses already given, I think it 
will bo interesting to many to read a portion of an enquiry 
on the air of mines, published in 1864. It was hidden 
in a folio blue book, and although I think it is calculated 
to be useful, it has not become known either to chemists 
or practical men. It will show the various means resorted 
to for the examination of air for the gases and for the 
salts and tlie dust, several specimens of which were litho- 
graphed. 

Gases. 

Before giving analyses of the air in mines, it is well to 
enquire into the work of our predecessors ; and this, it 
must be confessed, is a laborious undertaking, daily be- 
coming more oppressive for scientific men because of the 
want of any full arrangement of scientific facts. As time 
presses, and the report must be ready, it may be sufficient 
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to mention the reasons for believing that the analyses 
quoted are the principal ones made public. Gatzschmann 
in Freiberg, and Combes in France, are men who, of all 
others,^ may be expected to know the subject ; and I feel 
inclined to throw on them the blame if any important 
collection of the analyses of air from metalliferous mines 
has ever been made and neglected. On the first especially 
I have leanit to depend, not merely on account of the 
greatness of his own knowledge as evinced in his writings, 
but also from the experience of that knowledge in con- 
versation and by correspondence. I know he was desirous 
of giving all aid, from the impulses of his own nature, as 
well as on account of tlie introduction to him from ilaron 
F. C. von Beust, who is the first officer over the Saxon 
mines. To add to these, I might mention many of the 
most distinguished professors of Germany who would 
certainly have known enquiries of this kind had they 
existed. And no one will doubt the extensive knowledge 
of such men as Bischof of Bonn. 

Without going into details, it may be said that modern 
writers speak of bad air very much as tlie mining writers 
for three centuries have done ; but where very late times 
are arrived at, we have the analyses of Moyle of Cornwall, 
and of Mr. Hunt, and to these must be added the still 
more recent enquiries of Dr. Brockmann of Clausthal, 
which seem less known, although most searching and 
valuable. 

The only separate volume on mining air which has 
come before me, after advertising and enquiring, is that 
of Dr. Alois Wehrle, of Schcmnitz, published in Vietma 
in 1835. But analyses are few. When speaking of the 
candle, there may be more occasion to quote from him. 
These are some of his opinions on the air : — 

‘ That air in which the mining candle burns dull and 
dark, but in which the workman feels no oppression, is 
called {Matteluft) dull, flat, or stale air. But when the 
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workman cannot keep his candle burning, it is called bad 
air {schlechte Lufte or Wetter). A man may live in this bad 
air, and an Argand lamp ifiay bum in it ; but when this 
also goes out, and the workman feels confined (beer^gt), or 
when he is sufibcated, then it is bad or poisonous air {bad 
weather or schwaden). 

‘ When the quantity of oxygen falls under 13 percent., 
and is too small for the process of respiration, or when 
the carbonic acid amounts to 7 per cent., with several per 
cent, of sulphuretted hydrogen and miasmas of a peculiar 
kind, they communicate to the atmospheric air a property 
which is often very dangerous.’ (Wehrle ‘ Ueber die 
Grubeu wetter,’ p. 6.) 

Wehrle says: ‘The first consequence of a disturbed 
relation of the oxygen is that the mine candle burns 
darkly, and will only burn by enlarging the wick, until it 
at last goes out.’ (13y enlarging the wick is meant putting 
the candle to the side and melting more giease, when 
more of the wick is laid bare, or by spreading it out ; an 
actually larger wick is not used.) 

‘ As oxygen has a greater affinity to the ingredients of 
the burning material according as they are more decom- 
posable, it follows that this phenomenon occurs sooner ^or 
later according to the quality of the substances burnt ; 
and it is well known that tallow goes out when oil burns 
well, and that the common mine ftxmp goes out when the 
Argand lamp with the same oil burns clear.’ 

‘ The venous blood also possesses a greater affinity for 
the oxygen than the carbon of the combustible substance, 
and a man can replace the loss of oxygen by frequent 
breathing, and therefore can live where candles and mine 
lamps go out.’ 

P. 10. ‘ As neither the combustible material nor the 
venous blood can remove all the oxygen from the air, 
but rather diminish it to 18 and at most to 12 per cent., 

It follows that atmospheric air, the oxygen of which is to 
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a certain degree diminished, acts towards men and candles 
like pure nitrogen.’ 

P. 12. ‘ In an atmosphere poor in oxygen, there is felt, 
not so much as a consequence of the presence of nitro- 
gen, as of the absence of oxygen, contraction of the 
chest, tickling of the eyes, fatigue, weakness, and anxiety ; 
we breathe more heavily and frequently, and are com- 
pelled to make more exertion at work, whilst perspiration 
and thirst ensue. With continued breathing, Humboldt 
observed paleness, hardening of the glands, herpetic erup- 
tions, laming of the extremities, and early asthma.’ 

Mr. P. Moyle examined the air of the Cornish mines. 
His results were published in the Ecqiort of the Eoyal 
Cornwall Polytechnic Society in 1839, and the ‘ Annales 
de Ch. et de Phys.’ vol. iii. 1841. The following is a list of 
mines from which air was taken, and the analyses of the 
specimens, taken from the ‘ Annales de Chimie,’ and after- 
wards supplemented from the original. 


1. Wheal Vor 

250 frns. from the surface, and 15 



from the shaft, two men working 
in tl.e cavity; air taken a few 



min. after explosion 

1<5 fras. from tlie shaft, 10 min. 

18’41G 

2. do. 



after firing .... 

IG'69 

• 3. do. 

24 fms. from shaft, 30 min. after 



firing 

1805 

4. do. 

22 fms., 30 min. after firing . 

17’282 

5. do. 

21 fms., „ „ . . 

lG-762 

0. do. 

Four men at dead end . 

14-70 

7. do. 

After firing . . . . 

17*01 

6 . Great work mine 

30 fms. from a shaft, 15 min. after 



firing 

15-15 

9. do. 

20 fms. directly after firing . 

lG-45 

10. do. 

23 fms. from shaft, 30 min. after 



firing 

17-544 

11. Binner Downs 

18 fms. from shaft, 2 men 

1G-7G4 

12. Cam Brea 

25 fms., 2 men .... 

15-09 

13. do. 

45 min. after firing 

14-51 

14. Tresarvean 

After firing, G5 fms. from shaft 

10-35 

15. Wheal Aim 

1(3 fins., 2 men, no gunpowder 

10-72 

10. do. 

End of a level, powder not em- 
ployed for some time, 45 fms.. 



2 men 

18-22 

17. Consors Mine 

. 

17-78 

18 . do. 


18-425 
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These figures are all the averages of several analyses. 
The specimens were collected by emptying a bottle of 
water or mercury at the Spot. Water would appear to 
have been used in all cases, as there is a disproportionately 
small amount of carbonic acid, from -06 to T5. 

Supposing we recalculate, and give to each specimen an 
amount of carbonic acid equal to the oxygen removed, 
we should have different numbers. This amount would 
not be quite correct, but very nearly. Allowing the 
amount of nitrogen to be 79 per cent., a number which 
must be within a small fraction of the truth, we may find 
the following changes in Mr. Moyle’s results: — 

Oxygen per cent. 


No. 1 



, 


. 18*80 

2 


, 



. 17*44 

3 


, 



. 19*34 

4 





. 17*95 

6 





. 15*74 

7 





. 17*71 

8 





. 16*09 

9 





. 17*23 

10 





. 17*86 

11 





. 17*55 

12 





. 16-57 

13 





. 16*51 

14 





, 17*14 

15 





. 17-46 

16 





. 18*74 

17 





. 18*37 

18 




• 

, 18*91 

Mean 




, 

. 17^ 


Mr. Moyle says that the lights burned with difficulty in 
No. 6 specimen ; I have not found that candles could burn 
in such air. 

These analyses are the only series found to have been 
made in this country, and the largest hitherto made any- 
where on the air of mines. Hausmann obtained in one of 
the Harz mines 13 per cent, of oxygen. It is, however, 
an extremely laborious operation to seek out the literature 
of any scientific subject, and I doubt if I shall have time 
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to exhaust this branch before the date when this report 
must be written.^ It certainly will be no pleasure to me 
to neglect the labours of anj man. I believe we must 
come to very late years, viz. 1851, to find another enquiry 
of equal authority with that of Moyle’s, although not of 
equal extent. This was made by Dr. Brockmann, with 
the aid of a young chemist, deceased, named Bodemann. 
Brockmann, who lives at Clausthal, in the Hanoverian 
Harz, quoted largely in the original report as well as here, 
and is e.specially a student of, and an authority on, the 
condition of mines and the diseases of miners. 

These analyses, by ‘Bodemann, assayist,’ were published 
in the ‘ Bergwerke Freund ’ (‘ Miner’s Friend vol. viii. 
No. 11, and by Dr. Brockmann in his work on the 
diseases of the Upper Harz.* 

First Analysis. 

Air from Eleonora mine. Place, Cth level, 220 fathoms 
deep, 1 fathom high, and 1 broad ; 120 from shaft, 80 
from the nearest winze ; the rock not a very hard clay- 
slate. Two men had worked from 4 to 9 in the morning, 
and at 6 o’clock 3 holes were bored, and at 9 o’clock 2. 

The air was taken about 3 to 4 minutes after firing the 
last of the holes, and at the spot. There were 6 men 
with 6 candles present at the time. There was a west- 
north-west wind, a favourable one for the ventilation of 
the Upper Harz mines. The average of four analyses 
is: — 

1*86 less oxygen than normal air. 

1*8042 carbonic acid by volume, or 

2*7490 by weight per cent. 

Second Analysis. 

Air from pit Queen Charlotte, 80 fathoms from the 
nearest inside shaft or winze, 600 fathoms from the 

' This was written in 1863, but it might be repeated in 1871. 

* Die Krankheiten des OberharzeSj von Dr. Karl Heinrich Brockmann, 
p. 30. 
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learest shaft, 60 fathoms from a draught of air. The 
place was 200 deep, very moist, and with water on the 
sground. No ventilators used. Tallow candles were not 
[extinguished, but oil-lamps burned badly. Two men had 
worked since 4 in the morning. At 7.30 o’clock two 
holes were fired, then two more ; and half an hour after, 
that is at 8.15 o’clock, the air was taken. 

1*94 per cent less than normal oxygen. 

1*7781 carbonic acid by volume. 

2-G976 „ „ weight. 

Third Analysis. 

From Queen Charlotte pit, 135 fathoms deep, 40 from 
draught ; wet ground ; may be taken as the representative 
of an ordinarily well-ventilated place. 

•73 less than normal oxygen. 

1*0418 carbonic acid by volume. 

1*6874 „ „ weight. 

Fourth Analysis. 

Duke William mine, 289 fathoms down, 100 fathoms 
from draught ; wet ground, 3 to 4 inches water. The ven- 
tilator was removed for days. • 

Air taken at 10 o’clock, after four holes had been fired, 
two men having worked since 4 o’clock. On the previous 
day two men had worked from 4 to 12, and fired 6 holes. 
The day before that, two men had worked from 6 to 12, 
and fired 4 holes, each having 2 ounces of powder. 

2*29 per cent, less than normal oxygen. 

2*3794 carbonic acid by volume. 

3*6262 „ „ weight. 

Fifth Analysis. 

Air from Wilhelm’s shaft, 5 fathoms from bottom, or 
310 deep : active circulation of air. 

•46 less than normal oxygen, carbonic acid wanting. 
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Sisth Analysis. 

Air from Caroline shaft, 157 fathoms deep, before 
beginning the week’s work. 

*29 less than nonnal oxygen. 

•64748 carbonic acid by volume. 

•9867 „ „ weight. 

Seventh Analysis. 

After the week’s work. 

*21 less than normal oxygen. 

•7241 carbonic acid by volume. 

1*1036 „ „ weight. 

Eighth Analysis. 

From the same, after a week’s work. 

0*61 less than normal oxygen, wanting carbonic acid. 

From these results Dr. Brockmann says we have 

Carbonic acid by volume . . 1*1964 per cent. 

„ weight . . 1*8214 

This calculation of the average does not quite agree 
with mine. 

The mean of oxygen is 19-785, and taking the amount 
in the atmosphere at ^20-815 we have a diminution of 
1-030 per cent. ; this is where ventilators have been used. 
Averaging these analyses in the manner adopted with the 


former we have : — 

Oxygen. 

Carbonic acid. 

No. 1 

. 18*966 

1*8042 

2 

. 18*96 

1*7781 

3 

. 20*086 

1*0418 

4 

. 18*626 

2*3794 

6 

. 20*366 

? 

6 

. 20*626 

•6474 

7 

. 20*606 

•7241 

8 

. 20*306 

? 

Mean 

. i9~796 

1*396 
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Were I writing this again, the amount of oxygen in 
the air would be taken at not less than 20'98, but it is 
unnecessary to recalculate the table. 

Each line gives the mean of from 2 to 6 analyses ; 
making the whole number 29. 

Moyle’s figures are also means of several trials. It 
would have been better in both cases to have had the 
separate items. 

These analyses show a very bad condition of the 
atmosphere in the Harz mines, but a still worse in the 
mines of Cornwall. I confess myself inclined to think 
that the figures given by Mr. Moyle for oxygen are rather 
too low ; but the reasons, founded on numerous results 
obtained by myself, must not be taken as conclusive that 
Mr. Moyle has made any error ; it may be that he has 
been more choice in his spots. One circumstance, how- 
ever, speaks strongly against his analyses. A candle will 
not burn with less than 18 per cent, of oxygen, when 
there is .8 per cent, of carbonic acid present at the same 
time. Twenty-five years liave greatly changed oul: ideas 
of the purity of air, and I Avas informed by Cornish 
miners that they haA'e worked in spots where it was 
impossible to remain above ten minutes at a time, and 
when nearly every man in his turn fell down overcome, 
and the candles went out. Nevertheless, they went to 
their work and took their turns. • This occurred when 
working upwards to meet a winze which was also 
being worked downwards. Mr. Moyle has no doubt 
sought such extreme cases, not to be obtained at will, 
and he had a right to choose such places, because the 
men were at any time liable to be exposed to their in- 
fluence. Such, at least, would explain a part ; but the 
candle difficidty remains. We must not forget that the 
habits of men have changed much in many places ; and 
to look at the holes through which some of the- older 
miners occasionally burrowed in the Harz, prepares one 

G 
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for a worse state of things at a previous period. Looking 
now at Mr. Moyle’s results, from the experience gained in 
the lead chamber to be afterwhrds mentioned, there is no 
difficulty in concluding that they represent very rare con- 
ditions of the atmosphere, even in mines. A man may 
live awhile in air such as most of the specimens alluded 
to, but long, I believe, he cannot live. I feel strongly 
inclined to doubt if he can exist in air such as Nos. 6, 12, 
and 1 3. But with great lungs and great strength, perhaps, 
it may be possible for a while. Healthy people of various 
ages were found unable to bear such a loss of oxygen in 
the lead chamber. We may read in a lecture by W. 
Mackworth, Esq., E.E., that Mr. Kobert Hunt, E.E.S., 
found 17 ’6 of oxygen in the average air of the Con- 
solidated Mines, whilst the average of 18 samples of air 
from difTcreut Cornish mines yielded 17 per cent., and of 
6 others 19 per cent, of oxygen. I fear I have not seen 
all the labours of Mr. Hunt on this subject. 

Method op Analysis. . 

It has already been shown why especial importance 
w^s attached to the oxygen and carbonic acid of the air, 
although it was not believed that their presence or ab- 
sence to the extent of a half per cent, or even one per 
cent, would have a direct action which could be at once 
perceived by the senses. 

To obtain specimens for analysis tubes of about f of an 
inch (nearly 2 centimetres) in diameter were used, the 
length being 6 inches. They are drawn out at each 
end, and a fine tube 1^ inch in length is left attached. 
Near the junction of the fine and the wide tube is a very 
narrow neck. They are in fact made after Professor 
Bunsen’s model. The air is drawn through the tube 
until it is fiUed ; and by the use of a candle and blowpipe 
the neck is melted and the specimen of air hermetically 
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sealed up, so that it luay be preserved for ages unaltered, 
as far as we know. Fig. 1. shows the tube with the 
pump attached, ready to be filled, and the tube before 
sealing. Beside it is the tube sealed. Rg. 2, shows 


Fig. 1. 



Fig. 2. 



another method with an elastic ball pump. The candles 
in many instances burned very badly and gave little heat, 
so that the act of sealing was difficult, and sometimes a 
failure. For this reason it will be seen that there are 
many numbers which have not the analyses attached, as 
it was found that the tubes leaked. In these cases the 
air may have been equal to that mentioned by Mr. Moyle, 
so that the worst would be left out. It may even hap- 
pen that this is the reason for some specimens receiving 
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a better character than they deserve, as the leak may not 
have been discovered. Most of the specimens were kept 
a few weeks before examination, some a few months ; and 
minute leaks would be effective in that time in render- 
ing the inside air equal to that outside, although that 
small leak might not be discovered during the short con- 
tinuance of an experiment. At first the tubes were ex- 
amined simply with the eye or a lens to see that the points 
were melted ; aftenvards they were dipped into mercury ; 
if any leak existed, it was betrayed by the existence of a 
drop or more of the mercury entering the tube. If tlie 
tube is well liandled in sealing, tlie lem is the best test. 
The tube was broken at one end under the mercuiy, and 
the air transferred to an absorption tube. In this gra- 
duated tube the amount of carbonic acid was taken, by 
absorption with moist balls of caustic potash. When the 
balls were moist it did not require quite an hour to com- 
plete the absorption in wide tubes ; an hour and a half, 
however, was always the least given, whilst one sot of 
tubes stood all night. There was no difference found ^ 
between those which were done in the middle of the 
day and those which were begun on leaving the labo- 
ratory and kept to stand a night. As the number of 
analyses was very great, it became important to ascertain 
the readiest mode of going rapidly over them with ac- 
curacy. I had never been called on to prepare an amount 
of analyses at all approaching to the number now before 
me, and was a little alarmed. I began with the method 
of my master, Liebig, and obtained in many cases good 
results ; but I confess to being very much annoyed with 
the endless washings required in order to remove the 
caustic solution of pyrogallic acid, a strongly-coloured 
liquid, from the tubes and from the mercury. Besides 
these troubles there was observed occasionally an un- 
accountable obstinacy in the solution, as it appeared ex- 
tremely unwilling to rise, and wearied the hand by 
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constant shaking and watching ; nor was there any dis- 
tinct mark to show the limit of the absorption or end of 
the experiments, except the exhaustion of the patience. 
I had therefore for some time given up the plan as a rule. 
Dr. Calvert objects to the method on account of an error 
of '4 per cent, caused by the formation of carbonic oxide. 
I may say, however, that I have sometimes and fre- 
quently obtained results far more accurate than the 
fortnation of ‘4 per cent, of carbonic oxide (See Dr. 
Calvert’s paper, ‘ Proceedings of the Lit. and Phil. Soc. of 
Manchester ’) would indicate, so that the amount formed 
cannot always be so great. However, I need not mention 
these results of mine as Liebig liimself and Bunsen, I 
believe, have both performed with pyrogallic acid very 
accurate analyses of air. 

The method of explosion wa.s preferred, and Bunsen’s 
eudiometer used. Prankland’s apparatus miglit have been 
taken if anyone could have been found to mend it in time. 
It would be interesting to know by which method the 
greatest number of analyses could be produced. • With 
Frankland’s apparatus one gas only is analysed at a time, 
but it is done very rapidly. Five or six eudiometers were 
used at once. For obtaining a spark various methods h^d 
been frequently tried. At one time for a while I was satis- 
fied with the rosin electrophorus, but from the moisture 
of the climate it frequently became extremely difficult to 
carry to another room as much electricity as would cause 
an explosion, and no spark could be had except before 
a fire. Bunsen’s tube was greedily sought, as a very 
simple method, and in dry weather acted well, but be- 
came at times quite useless, so that whole days were 
S2)eut in obtaining a spark. A small electric apparatus 
was got, and then a large one was used, but both re- 
quired peculiarly warm rooms, and sometimes in wet 
weather the mci'e opening of a door would render useless 
the machine for a considerable time, although one had a 
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plate of about 18 inches diameter. It was then clear to 
me that to work with any comfort a battery and a 
EuhmkorflTs coil were necessary. With this apparatus 
the amount of work was multiplied by five at least, and 
made Into a pleasure instead of a pain. The battery 
used was made of cast iron and zinc. It was, perhaps, 
unnecessarily large ; there were 12 plates of cast iron, 
and 24 of amalgamated zinc of 6 inches square. This 
battery has been some years in my possession ; the plates 
have never been renewed, and they are as smooth as at 
the beginning, although now becoming thin. It is lifted 
up and down into the cells by a pulley, so that the plates 
are only a few seconds at a time in the acid when a gas 
is to be exploded. After doing the usual experiments of 
a laboratory for a few years, it was set down to the in- 
duction coil about three years ago, and in that period, 
without special cleaning, and merely by a change of acid 
once in six months, it has exploded perhaps from two 
to three thousand gas mixtures, besides being used occa- 
sionally for decomposing water. It makes us inde- 
pendent of weather. 

My assistant at the time, being little accustomed to the 
use of this apparatus, preferred pyrogallic acid, and I was 
willing that he should take his experience, which ended 
in results similar to my own ; at the same time I am 
bound to confess that quietness and patience produced 
better results. Still that quiet and that patience could 
not be found with .500 analyses waiting before us. It 
was in fact necessary to work on a scale and by a method 
where the feelings would be completely excluded, and 
the mechanism of the operation be responsible for the 
exactness. This point, I believe, was attained, with gain 
in time, in comfort and in accuracy ; when I say in 
accuracy, I do not mean that there is an actual increase 
of accuracy, but in the number of expeiiinents which 
were not failures. The analyses spoilt by the explosion 
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method are very few, and were in reality at the latter 
part of the enquiry reduced to almost nothing. 

Measure op the Accuracy op the Analyses. 

At this stage it is necessary to enquire into the cha- 
racter of the results from which the conclusions are 
drawn. 

I shall cite all the duplicate analyses from one volume 
of notes, containing those of air from Welsh mines, and a 
few others, taking them exactly as they come, leaving 
none out. 


Mark. 

Oxygen, 

1st. 

Oxygen, 

duplicate. 

W63 

18-60 

18-74 

S5 

20-89 

20-96 

77 

20-82 

20-79 

64 

20-52 

20-61 

76 

20-06 

20-85 

16 

20-49 

20-48 

60 

20-73 

20-67 

52 

19-58 

19-60 

43 

20-25 

20-17 

37 

20-64 

20-76 

39 

19-96 

19-86 

W 55 

20-47 

20-52 

W58 

20-36 

20-29 

121 

20-79 

20-90 

116 

19-70 

19-54 

W 10 

2044 

20-34 

W17 

20-42 

20-38 

I) 

20-73 

20-50 

1) 10 top . 

20-09 

20-50 

1)47 

19-09 

19 

D 8 

20-55 

22) 446-50 
20^29 

20-55 

22)446-54 

20‘2d 


Here we have the average of both columns, absolutely 
the same to the 2nd decimal place, the farthest distance 
to which it is attempted to go, and farther after all than 
with absolute certainty we can at all times pretend to go. 
Of course it is clear that in individual analyses some 
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errors must occur, as in D 10 top ; but these errors 
equalise themselves, and unless they were small and very 
regular they woidd not do so. That the two sets of 
analyses should be so near as in the columns above is 
the utmost that can be desired, especially as it is after all 
true that we are apt to be more careless about a dupli- 
cate, althougli it is far from wise to be so ; the first may 
be considered as the real analysis, and the second merely 
to show that no gross error has been made. 

Pursuing further the enquiry into the accuracy of the 
numbers, we may put the questioTi in this form. IIow 
great is the departure from 21 per cent, shown in spe- 
cimens of good air, and inferior air such as is found at 
ash-pits ? 21 is used here simply as a convenient whole 

number, without any theory to exalt it. The figures 
were put down for the illustration of this question on p. 
28, to which reference may be made. 

The numbers in that form, when bared of all their 
supcriluous bulk, show more strikingly the change from 
pure to impure air. It must, however, be remembered 
that this is such air as all persons arc at times compelled 
to breathe. The imj)ure air, such as is found about 
middens, and in waterclosets, actually contains less oxygen 
than the pure air. The pure air deviates from 21 per 
cent, by -065 ; the air of these places spoken of by 
•295. This illustrates further my reason for using the 
oxygen as an indication of })ure air, although not the 
only one. 

In all analyses, and in all work generally, tendency to 
error is in one particular direction more than in any other ; 
this tendency may depend on peculiarities of the indi- 
vidual or of the conditions of the work. The tendency 
in these is towards an increase of the oxygen. If the 
hydrogen which is mixed with the air is not free from 
oxygen, the air has the benefit of the mistake. 

Some of the analyses, about 80, beginning from .about 
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No. 60, were made with hydrogen obtained by throwing 
sodiem amalgam into dilute sulphuric acid. 

This gas was very purer The amalgam was made so 
as to be IT pretty firm paste, and sulphuric acid with 
about three times its bulk of water was heated and 
cooled. The first bubbles were allowed to pass away, 
after throwing the amalgam into the water lest some air 
might be taken. 76 '2 2 of this gas exploded with water- 
gas still gave on calculation 76‘22, and with time the 
manipulation becomes pleasant. The gas stood in a tube 
ready for use. It was not found practicable to prepare 
by galvanic methods so much hydrogen as was required. 
Afterwards, more for the covenience of others than 
myself, zinc was used, a quantity of unusual purity having 
accidentally been found some time ago. And whilst I 
place the fullest confidence in the oxygen as being cor- 
rect to a small fraction, the same minute accuracy cannot 
be expected of the carbonic acid, although on taking the 
average the amount of the gas agrees so well with the 
amount + the carbonic acid from the powder smoke, that 
the error must be trilling. The estimations of carbonic 
acid made elsewhere than in mines are not subject to 
any error except that of the operator ; and this has bepn 
reduced so as at any rate to bo very small. The reason 
that the carbonic acid in these tables is in some cases 
not so minutely ascertained as the oxygen is this : the 
amount being extremely small and the total amount of 
air being extremely small, there was more risk of error. 
Up to this point all the carbonic acid on my lists has been 
got by Pettenkofer’s method, by which any extent of 
accuracy may be attained. After seeing the best way, I 
gave all the work into the hands of others : for a long time 
Dr. Eeissig. In no other way could I make an inves- 
tigation. I suppose all chemists gradually find the neces- 
sity of this, the study of the question becoming quite 
as much as time will permit to one. 
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Analyses, Published in 1864 . 

Current means distance from current. 

Air normal or nearly so, represented by Old Style figures, e.g. . 21*9 

Air less pure or decidedly impure „ Antique „ . . 20'6 

Air extremely impure below the above „ Koman „ . . 30*2 

Old Style in the ‘ Carbonic Acid’ column means calculated amount, nofl 
actual analysis / 

Carbonic acid of pure air not above *04 per cent. 


No. OP 
Mark on 
Sample. 

Name of Mine, and 
Depth from surface 
in fathoms. 

Description of Place 
where taken, and time 
when taken. 

Therm. 

Fahr. 

§■5 

“sl 

Oxygen 
per cent. 

Carbonic 

Acid 

per cent. ! 

1 

Rampgill (a) 

End, 6 J ft. wide, 4J ft. high ; 

0 






current, 300 ft. ; time, 2 







hrs. aft. shot . 

68 

2 

20-4 

•6 

2 

ff 

Large cavity, 18 ft. high 







and 22 ft. wide 

60 

8 

20*60 

*73 

3 

Long Clough . 

Large cavity, 20 ft. high . 

60 

5 

20‘8ft 

•16 

4 


In vein, 6 ft. wide, 20 ft. 







high ; current, 42 ft. 

61 

4 

20*62 

*27 

6 


In driving at an end, 16 ft. 






• 

high ] time, 15 min. aft. 

• 



-J** 



shot .... 

61 

6 

19-!)4 

•76 

6 

llodderup Fell(c). 

Sinking shaft 10 fms. deep 







from level, ft. diam. 







bralticed 

58 

4 

21 04 

•48 

7 J 

rW • • 

End, 9 ft. high, 6 ft. wide ; 


i 





current, 24 ft. ; time, 16 







min. aft. shot . 

57 

4 

20*9 

•I 

7a 

ff • • 

1 

— 

— 

20*66 

•34 

9 

„ ( 0 ) ■ • 

End of level j 2 hrs. aft. 







shot .... 

62 

4 

18*80 

2*06 

10 

ff 

In draught, stope above 







level .... 

64 

4 

2028 

*72 

11 

ff • ’ 

Do., in level 6 ft. wide 

69 

— 

20*66 

*19 

12 

ff 

Top of rise, level above 







not communicating. 

60 

6 

20*76 

•24 

13 

Cashwell (/) 

42 ft. from end, level 4J ft. 







wide, 6 ft. to 9 ft. high . 

61 

4 

2019 

•70 

14 

If * • 

In current 

67 

4 

20*34 

•66 

15 

ff * 

78 ft 

61 

4 

20*95 

•05 

16 

0 • • 

In current 

55 

2 

206ft 

•25 

17 

Garrigill 

End; in current 

64 

4 

2079 

•21 


(«) Ventilated by fan blast. (A) About 4 lbs. of powder had been fired that morning, 
(e) Here were men working in water ; temperature of water 64®. ((t) Branching crysUils. 

(e) Faggots of little prisms. (/) Heaps of mineral in level. 



AIR OF MINES. 


91 






d .ti 

j 


8 °4 

Name of Mine, and 

Description of Place 

I'S 

2 d 

Oxygen 

d tj ® 

o-a a 

Depth from surface 

where taken, and time 

Cu. W) 

o S 

X <y 0 


in fathoms. 

whfen taken. 



per cent. 


18 

Allenhead’s Mine, 

120 ft. from rise 

o 

66 

6 

Broken 



West Henry’s 
Vein 






19 

ff • * 

30 do. 

66 

— 

1901 

2-85 

20 

„ (a) . . 

In direct current 

63 

— 

20-20 

•80 

21 

„ w . • 

In a rise 30 fms. high, 





bratticed : top 6 ft. 

above brattice 

66 

2 

19-09 

i’9i 


22 

• • 

Current, 72 ft. from winze . 

66 

— 

Broken 


2.‘1 

n • • 

Current, 90 ft. from winze . 

78 

— 

20-22 

78 

24 

East part Henry’s 

End in large cavern 18 fms. 





Vein 

wide and 8 ft. high ; cur- 
rent 72 ft. from rise 

66 


20-292 

708 

25 


Do. ... 

69 

— 

20-8 

•2 

20 

„ (d) . . 

Do 

67 

— 

20'87 

‘747 

27 

ff * 

Rise, 18 ft. high j time, 1 

70 

2 

1827 

273 


hr. aft. shot 




28 

ff • * 

In level .... 

67 

— 

193 

17 

29 

Oreenlaws (e) 

240 ft. from rise, ft. 

57 

4 

21 


high, 4^ ft. wide 





30 

Settlingstone (/) . 

End of level, 36 ft. from 
rise, ft. high, wide 

59 

6 

20'47 

*53 

31 

ff 

End of level, 150 ft. from 

58 

— 

BrCken 

— 


rise, 6 ft. high, 4 wide 





32 

Grinton Moor 

End, 150 ft. from shaft 

51 

3 

21 

— 

33 

„ (ff)- 

Opening at bottom of 
sump, 3 fms. below level 

53 

7 

20-85 

•IS 

33a 

„ (ff)- 

— 

— 

20-23 

• -75 

34 

Surrender , 

In a sinking stope below 

51 

— 

20 ’79 

— 



level, 30 ft. long, 18 ft. 
wide 





34a 

ff 

Do. do. 

— 

— 

20-23 

•64 

35 

,f (A) • 

End, 240 ft. from rise. 

57 

— 

2017 

104 

30 

ff 

Just under shaft in adit 

48 

— 

2089 

•13 


level 




3Ga 

ff * * 

End of level, 72 ft. from 

— 

— 

20*36 

•6 


shaft 




♦37 

Botallack Crowns 

In direct current 

76 

— 

20*88 

•53 


Lode (*■) 190 






♦37a 

(«■) 

Do. . . . 

— 

— 

20’68 

•22 

♦38 

„ . 190 

End, 60 ft. from rise 

78 

2 

20 88 

•11 


(a) Furnace ventilation. (b) Furnace ventilation. (c) No shots for several 
(d) No shots for several days. (e) Air must have been blowing here. 
(f) Very dry. (^) Two samples from this end. (A) Air machine. (i) Smells 
of tallow. Two samples taken. 

^ Those samples, 37 to 39, show the difference of the air when a long distance from 

current. 
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AIK, 


No. or 
Mark on 
Sample. 

Name of Mine, and 
Depth from surface 
in fathoms. 


Description of Place 
where taken, and time 
when taken. 

Therm. 

Fahr. 

No. of men 
working in it. 

Oxygen 
per cent. 

Carbonic 
Acid 
per cent. 

•39 

Botallack Crowns 
Lode {a) . 190 

End, 84 ft. from rise 

0 

S7i 

^ 2 

19-96 

1*04 

40 

„ . 106 

Stoping in level 

77 

2 

20*82 

•18 

41 

IluelCock . 126 

Stoping, back of level, 
good current 

65 

2 

Leaking 

tube 

— 

42 

„ . 142 


Do. do. 

71 

6 

20*83 

*17 

43 

„ . 180 

In current 

— 

— 

Broken 
or lost 


44 

„ . 180 

End, 180 ft. from rise 

76 

2 

20-40 

*90 

46 

Huel Hazard 86 

In current 

62 

— 

21 


46 

„ 85 

120 ft. from rise, dry 

67 

— 

2011 

*60 

47 

„ 86 

360 ft. from rise, wot 

— 

1 

20*88 

*31 

48 

Iluel Call 30 

End, 42 ft. from rise, 6 ft. 
high by 2 | wide, hard 
granite, wet 

62 

1 

2073 

*42 

49 

86 

End of level, 42 ft. from 
rise, granite, dry 

67 

2 

20*96 

•04 

60 

Wheal Owles 

Huzza MiDe(li)60 

End of adit, 480 ft. from 
rise, wet 

63 

2 

20-04 

1*24 

61 

„ 60 

End of cross cut, 420 ft. 
from rise, wet 

63 

1 

19-93 

1*43 

62 

„ 60 

End, 9(i ft. from rise, dry . 

60 

2 

20 - 4.7 

•92 

63 

Levant . 160 

End, 690 ft. from current, 

7 ft. high, 3 ft. wide, 
hard ground, killas ; time, 

1 hour aft. shot 

75 

2 

20'75 

•42* 

64 

. 150 

End, 660 ft. from current, 

7 by 3 ft. 

73 

2 

2011 

1*26 

66 

„ . 160 

End, 1,080 ft. from cur- 
rent, 8 by 31 ft. 

78 

2 

2 1 


66 

„ . 170 

Sto' 

pes, 180 ft. from winze 

82 

8 

20-53 

1*05 

67 

„ . 170 

End, 640 ft. from winze, 9 
by 6 ft. 

83 

2 

Broken 

— 

68 

„ . 170 

Stopes 48 ft. from current 

73 

2 

21 


69 

Balleswidden 130 

Stoi 

)CS . 

72 

2 

2014 

1*69 

60 

„ (e) 140 

Enc 

[, 7 ft. by 4 ft., snmky . 

73 

2 

19 - 8:3 

1*03 

61 

»» • 

Else, 6 ft. highj current 
140 

73 

2 

2093 

•06 

62 

Wire Gill . 

StOT 

)es , 

— 

— 

20-40 

•64 

63 

)) 

Enu 

1 .... 

66 

2 

20'96 

•017. 

64 

„(d)- ■ 

lilnd of levt‘1, 780 ft. from 
current. In shale j time, 
20 min. aft. shot 

60 

2 

20-82 

•69 


(a) Smells of perspiration. {h) Levels nearly choked with deads, only 2 ft. clear. 
(<?) Smoky. (d) Ventilated hy water blast. 

* These samples, 37 to 39, show the difteronco of the air when a long distance from 

current. 
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No. or 
Mark on 
Sample. 

Name of Mine, and 
Depth from surface 
in fathoms. 

Description of Place 
where taken, and time 
when taken. 

Therm. 

Fahr. 

No. of men 
working in it. 

Oxygen 
per cent. 

Carbonic 
Acid 
per cent. 

65 

Hurst , 

End, 300 ft. beyond a rise, 
9 ft. high, 7 ft. wide 

0 

2 

— 

P99 

68 

Old Gang . 

End of level . 

— 

2 

2058 

•48 

69 


End of level . 

— 

2 


*28 

70 

}) w 

Rise, 7 ft. high, 132 ft. 
from current 

— 

, 2 

20'25 

*39 

71 

Grassington (i) 60 

End of cross cut, 480 ft. 
from rise 

— 

2 

20*94 

•o6 

72 

}) * * 

End, 480 ft. from rise 

— 

2 

19'53 

1*59 

73 

;; • 

Rise, 60 ft. high : in shale 

— 

2 

19'52 

1*72 

74 

if • 

End, 60 ft. from rise 


2 

20’47 

106 

75 

» («) • 

End, 840 ft. from rise 

— 

2 

2008 

•94 

76 

Habden Moor 

End, 150 ft. from rise 



2 

20 79 

*2I 

77 

Cononley . 

Pitch in back of level, 7 ft. 
high, 16 wide ; time, 15 
min. aft. shot 


3 

20*89 

•59 

78 


Winze, 16 ft. below level ; 
time, 40 min. aft. shot . 

— 

2 

2054 

•37 

79 


Pitch in back of level, 
18 ft. high, 18 ft. wide 

— 

4 

20‘05 

*66 

80 

ff 

Rise, 42 ft. high 

— 

2 

19’27 

1*84 

99 


— 



1 1 I^ot come to 

100 

. • . . 

..... 





J hand 

101 

South Francis 104 

End, 90 ft. beyond winze . 

— 

2 

20'95 

•05 

102 

ff • 

Pitch, 12 ft. high, 3 ft. wide 

— 

2 

2012 

•99 

103 

„ . 114 

End, 180 ft. from shaft, 7 
ft. by 4 ft. 

— 

2 

1996 

•76 

104 

„ , 124 

End, 120 ft. from winze, 
wet 

— 

2 

20'05 

*95 

105 

„ . 60 

End, 180 ft. from shaft, 
choked 

— 

2 

20'4 

•42 

106 

„ . 80 

End, 90 ft. beyond rise, 7 
ft. by 3J ft. 

— 

2 

20-54 

*45 

107 

„ . 70 

End, 12 ft. from current j 
time, 1^ hr. aft. shot 

— 

2 

20-37 

*72 

108 

„(rf). 80 

End, 120 ft. from winze . 

— 

2 

2I*o6 

— 

109 

„ W . 04 

End, 42 ft. from air . 

— 

2 

20-36 

*84 

no 

„(/)- 94 

End of cross cut, 300 ft. 
from risej time, IJ hr. 
aft. shot 


2 

2 20’6B 

•46 

111 

Dolcontli . 814 

Bottom of shaft 





20*99 

•06 

112 

Huel Harriet (g) 
130 

End, 36 ft. from shaft, 7 
ft. by 4 ft. 


3 

20*75 

•21 


(a) Air machine. Hand fan, 4 in. pipes. (i) Unusual amount of dust, 

(c) Crystals wore chiefly hexagons. (rf) Ventilated by double duck machine. 

(c) The men had loft work. (/) Double duck machine. (^) Hard granite. 
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AIB. 



d 

a-s 

b 

o e 

Oxygon 
per cent 

Carbonic 
Acid 
per cent. 

— 

2 

20 

•97 





__ 



16 

21 

•10 

— 

2 

broken oi 




2 

leaking 

1970 

1*37 

— 

— 

19’.54 

1-37 

— 

— 

20*72 

•29 




_ 


— 

— 

broken or 





leaking 
broken or 



_ 

leaking 

19-81 

•91 

— 

2 

20*79 

•21 

— 

— 

20*90 

•I 

— 

2 

20*49 

•69 

— 

— 

broken or 





leaking 
broken or 



2 

leaking 

20*04 

• 

•97 

— 

— 

broken or 

— 

_ 

2 

leaking 

20*88 

•06 

— 

— 

19*32 

1*15 

— 

— 

20*29 

•61 





20*90 

•03 

— 

— ' 

broken or 





leaking 

20*60 

•38 

— 

— 1 

broken or 




2 

leaking 

19-82 

1-05 

68 

— 

20*96 

•04 

66 

— 1 

)roken or 



— ] 

leaking | 

Vo account of it 

— 

2 

20-55 

•23 


2 

1998 

•97 

1 

— 1 

2009 

•60 


3 Op5j 

S 

^ 02 


113 

113a 

114 

115 

116 
f) 

117 

117(2)1 

118 

119 

120 
121 

121(2)1 
122 ' 

123 

124 

125 

126 

127 

128 

1128^2) 

129 

130 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

D8 

1)9 

DIO 


Name of Mine, and 
Depth from surface 
in fathoms. 


Iluel Harriet (a ) . 


CarnCamboi 


Tolcarne 

ff 


Wheal Friendship 


Tolcarne 


.(b) 


Crelake 
» («) 


f) w 


me 13 
13 


Description of Place 
where taken, ayiil time 
when taken. 


beyond winze 

Stones above 100 fm. lev 
End cross cut, 240 ft. in 

End, 160 ft. from winze 

End, 36 ft. from rise, 7 ft. 
by 4 ft. 


40 

40 


End, 78 ft from shaft 
End, 240 ft from winze 


30 End, 126 ft in 

20 End, 120 ft. from winze 
End, 36 ft in . 


20 


52 

52 

40 


24 

12 


End, 144 ft from rise 
Kise, in current 
End, 576 ft. from shaft 


End, 96 ft. from winze 
Rise, 24 ft high, no current 


12 I End, 24 ft from shaft 


(a) Winze choked, 
waterfall. (d) Top. 


(6) Has a smell of mouldiness. 


(c) Ventilated by 
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No. or 
Mark on 
Sample. 

Name of Mine, and 
Depth from surface 
in fathoms. 

Dll 

Sortridge Consols 
30 

D12 

40 

D13 

» 40 

D14 

„ 40 

D15 

„ 60 

DIG 

„(«) 60 

Do. 


D17 

„ (4 60 

Do. 

» w . 

D18 

w 

D19 

n * 

D20 

n • 

D21 

» . * 

D22 

Wheal Friendship 

D23 

„ 100 East (e) 
100 

„ 70 

D24 

D25 

„ 80 East 80 

D2G 

„ 80 

D27 

„ 100 

D28 

„ 100 

D29 

East Gunnislake 

D30 


D31 


D32 

W * 

D33 

Okel Tor . 80 

See at 
end of 
1). 

D34 

„ . 66 

1) 35 

» • 

D3G 

Iluel Edward 98 

D37 

» ig) 91 

1)38 

„ (A) 81 

D38a 


D89 

» 71 


Description of Place 
where t|iken, and time 
when taken. 


End of level 

• 

• 

End, 240 

ft. 

from 

shaft 

End 


, 

, 

End, 660 

ft. 

from 

air 

Cross cut 




End, 660 

ft. 

from 

air 

End,* 420 

ft. 

from 

current 


Cross cut, 300 ft. from 
current 

End, 240 ft. from draught 

End, 120 ft. from winze . 
End, 240 ft. from winze, 
180 ft. from trapdoor 
Cross cut, 72 ft.from current 
End, GO ft. from winze 
End, 57 ft. from winze . 
End, 4G8 ft. from winze . 

Bottom of shaft 
End, 42 ft. from shaft 
Adit end, 96 ft. from shaft 
End, 300 ft. from winze . I 


End, 24 ft. from winze 

Bottom of shaft 
End, 240 ft. from shaft 
End, 372 ft. from shaft 

End .... 


Therm. 

Fahr. 

No. of men 
workinsr in it. 

Oxygen 
per cent. 

a- 

Carbonic 
Acid 
per cent. 

o 

2 

19*86 

•92 



4 

19*54 

1-26 

— 

— 

20‘82 

•86 



4 

broken o 

r — 


4 

leaking 

20*72 

•13 

— 

— 

20 70 

•10 



— 

20*87 

•14 

— 

4 

19 * 4 S 

1-30 

— 

— 

20*27 

•80 

— 

— 

No tube corre- 



sponds to this 
number it is 
believed 

Do. do. 





Do. 

do. 



— 

Do. 

do. 

66 

6 

20'«7 

•22 

GO 

6 

19'99 

•95 

61 

4 

Cannot : 

ind it 

65 

6 

1940 

1-50 

65 

2 

19’55 

1-39 

66 

6 

18'80 

1-37 

66 

6 

20-ao 

•27 

— 

— 

19'57 

D33 





20'08 

•89 

— 

— 

2030 

•80 



— 

20'76 

•34 

— 

2 

19'22 

1-79 


2 

20-76 

•74 

— 

— 

20'51 

•31 

— 

3 

20-73 

•34 

— 

2 

20-45 

•42 

— 

— 

20-17 

•72 

— 

— 

20-30 

•63 

— 

— 

20-66 

•29 


(a) Top. (6) Bottom. (c) Bottom. (d) Top. (e) Ventilated by 
door and pipes. (/) Air-pump worked by engine-rod. {g) Smell of mouldinoss. 
{h) Waterfall and pipes. 



1)40 

Iluel Edward . 1 

D41 

ff 

45 

D42 

it 

• 

l)4:> 1 

Frank Mills CO ! 

D44 


tiO 

D45 

it 

(fl) 70 

1) 46 



D 47 

South Exmouth 30 

ff 

f) 

(6) . 

D48 

if 

1)49 

it 

46 

D60 

a 

. 

D61 

• 

D62 


. 

1)63 

it 

46 

D67 

• 

D68 

• 


1)59 



D60 


■ (c) 

DOl 


D02 



DC3’ 



1)04 



1)05 



DGO 



DOZ 



DG8 



0 09 



D70 



East. 
47 1) 


. id) 

30 S 


, 

36D35 

; 

60 

El 

Dolcoath 

. 814 

E2 

n 

. 268 

E3 

it 

. 268 

E4 

» 

. 206 

E5 

it 

• 


Tribute pitch . 

End. Side level 180 ft. 

from main Itivel 
I:md, ft. from winze . 
Stones, iiO ft. long, 15 ft. 

wide, 1*J ft high 
End, 210 ft. beyond winze 
Hot tom of sh.ift 
End, 160 ft. from current 

Rise, 24 fms. from air 
End, 120 ft. from rise 

Bottom of shaft 


End, 330 ft. from wlnao 


End, 300 ft. from winze 
End, 30 ft. from winze 
Winze, 24 ft. deep . 
Level at mouth of winze 
End, 160 ft. from sump 
Stopos between 242 and 
260 fm. levels 


r 

20 

1*31 

— 

WVl 

1-01 

— 

m? 

•68 

— 

20-44 

•43 

— 

20-o5 

•28 

__ 

20*68 

' -31 


20 82 

•00 

2 

iim 

1-88 

— 

18-80 

1-37 

2 

10-J4) 1 

1-15 

- 

[}roken,itis sup 
posed 

— 

19:34 

176 

— 

JNot known if 
sent 



1)0. 

Do. 

— 

18-67 1 

2-26 



No such 

num= 


her sent it i& 


believed 



Do. 

Do. 



Do. 

Do. 

_ 

18-87 

1-97 

— 



- 

No sue] 

nun: 


1 hers knowr 


i to bo on th€ 

- 

tubes 


— 

^19-86 

1-12 

— 

19'07 

1-OC 

— 

— 

— 

_ 

20-10 

•76 

L2 

20-94 

•oe 

2 

20*g2 

•08 

— 

19-77 

1*17 

3 

20*41 

•4 

— 

20*60 

•28 


(a) Trapdoor and pipes, 
(d) Smells of tobacco. 


(6) Air-pipes. 


c) Peculiar organic smt 
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No. or 
Mark on 
Sample. 

Name of Mine, and 
Depth irom surface 
in fathoms. 

• 

Description of Place 

where ts^en, and time 

when taken. 

i-S 

i’s 

■sg 

■ 


E6 

Iluel Ruth 130 

End, 160 ft. from rise, 7 ft. 
by 3 ft . 

o 

72 

2 

19^ 

1*70 

E 7 

„ (a) 180 

End . . . . 

76 

2 

20-.56 

*43 

E8 

„ 190 

End, 120 ft. from rise 

76 

2 

2013 

*93 

E9 

„ 190 

End . . . . 

77 

3 

19-96 

•98 

E 10 

St. Ives Consols IGO 

End, 90 ft. from rise 

80 

2 

20-70 

•39 

Ell 

« 177 

End . . . . 

77 

2 

20*81 

•02 

E12 

„ 147 

End, 120 ft . from winze . 
Carbons, 70 ft . by ^0 ft . to 
40 ft . 

76 

2 

20-60^ 

•39 

E 13 

)» 

72 

— 

20-4r 

•63 

E 14 

„ 87 

End, close to winze . 

66 

— 

20-46 

•36 

E 16 

Cam Brea . 166 

Stones close to shaft 

64 

2 

20 ‘60 

•43 

EIC 

„ . 17f> 

End, 36 ft . from winze . 

70 

2 

20-28 

•61 

E17 

„ (i) 197 

End, 102 ft. from winze . 

77 

2 

20-20 

•70 

E 18 

Coiidiirrow . 140 

End, 108 ft. from shaft . 

68 

2 

20‘71 

•29 

E 19 

„ (c) ir.6 

End, 120 ft. from winze . 

71 

2 

20-27 

•72 

E20 

„ . 100 

Stones .... 

66* 

6 

20-47 

•43 

E21 

„ , 105 

End, 168 ft . from winze . 

— 

2 

20-52 

•43 

E22 

„ . 177 

End, 132 ft . from shaft . 

73 

2 

20-29 

*62 

E23 

„ . 180 

Bottom of shaft 

— 

3 

20‘93 

•08 

E24 

„ . 188 

End .... 

70 

2 

20*63 

•27 

E26 

East Pool . 160 

End, 60 ft . from winze 

76 

2 

20;27 

•79 

E26 

» W • 

Under a rise . 

68 

— 

20-41 

•61 

E27 

„ . 140 

Stopes .... 

66 

— 

20-95 

•08 

E28 

West Cheverton . 

Stone close to shaft . 

64 

2 

20-90 

•03 

E29 

„ 70 

Ena, 120 ft. from air 

68 

2 

19-56 

1-43 

E30 

St.DayIJnited 164 

End, killas, 7 ft. by 4 ft. i 
Dry 

77 

2 

20-45 

•61 

• 

E31 

„ («) 174 

End, 12 ft. from winze 

82 

2 

19-42 

1*37 

E32 

„ 174 

Bottom of winze, 30 ft. deep 

88 

2 

20-72 

•15 

E33 

V 

Stopes .... 

80 

— 

19-31 

1-73 

E34 

West Basset (f) 76 

Cross cut end, 6*30 ft. in. 

7 ft. by 4 ft. Dry. Granite 

— 

2 

19-55 

1-46 

E35 

» (f) ■ 

Mouth of cross cut . 

— 

— 

20-70 

•19 

E36 

„ 86 

End, 120 ft. from winze . 

— 

2 

19-63 

1-4 

E37 

„ 94 

End, 90 ft, in, dry . 

— 

— 

20-37 

•48 


Botallack (y) 100 

^ mile from shaft, under 

— 

3 

20-63 

•68 


South Francis (</) 

sea 

Air at surface coming from 
shaft 

24 fathoms from a winze, 
90 from shaft 

•— 

— 

20-54 

•82 


« (S') 29 

— 

■— 

18-69 

2-22 


(«) Peculiar specks, very numerous, apparently crystalline, or at least transparent. 
Wet. (c) Dry. (<£) Smell of mouldy substances. (e) Choked. 

[/) An aromatic smell, such as wo may read of chiefly in German writers as existing in 
mines. These specimens wore taken by myself, and the crystals first seen on 

them. The relative, amount therefore not attempted to guess at. 

H 
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AIE. 


No. or 
Mark on 
Sample. 

Name of Mine, and 
Depth from surface 
in fathoms. 

t. 

Description of Place 
where taken, and time 
when taien. 

Therm. 

Fahr. 

No. of men 
working in it. 

Oxygen 
per cent. 

Carbonic 
Acid 
per cent. 


DolcoathMine (a) 
233 

80 fms. from shaft . 

o 

— 

20*77 

•74 

W1 

Miners (b) 60 

End, 105 ft. from sump, 
6^ ft. by 4 J ft. 

— 

2 

19'91 

1*16 

W2 

n (c) • 

End adit, 210 ft. from sump 

— 

2 

20-r)0 

'29 

W3 


Level in current 

— 

— 

broken or 

leaking 

W4 

South Miners (d) 
64 

End, 90 ft. from shaft, 7 ft. 
by 6 ft. ; time, several 
hours aft. shot 


2 

1973 

*92 

W6 

Psrk (e) . 126 

Level, 150ft. beyond winze, 
ft. by 6 ft. 

•— 

2 

1972 

1*32 

WO 


From air-pipe . 

End, 90 ft. from vent 

— 

— 

20'32 

•82 

W7 

Maes-y-safn( /)1^^6 

’ — 

— 

19-40 

1*61 

W8 

„ (ff) 165 

End, 90 ft. from shaft 

— 

6 

19-26 

1*86 

ff 

» (A) • 

Do. do. 

— 

— 

20-47 

•40 

WO 


Bottom of shaft 

— 

— 

20*69 

•27 

WIO 

llhosea Mawr 

Winze, 16 ft. deep . 

Level between shafts 



2 

20 

•89 

Wll 

„ . 60 




20' 67 

•38 

W12 

„ . 70 

End, 46 ft. from shaft 


— 

19-54 

1*26 

WL3 

„ . 70 

End, 75 ft. from shaft 

— 

2 

20-35 

•40 

W14 

Talargoch («) 90 

« 

End, 72 ft. from shaft, 6 ft. 
by 4 ft. ; li hours aft. 
two shots 

• 

2 

20-11 

•81 

W15 

if * • 

• . • . • 



— 

broken 


W16 

0) 90 

End of great cross cut, 
600 ft. from level 

— 

— 

20-44 

•67 

2dj 

fi * 

. . . • 

— 

— 

20-48 

•36 

3d‘ 

)f * • 

. . . . . 

— 

— 

20-49 

•36 

W17 

ff 

From mouth of pipes 

— 

— 

20-44 

•46 

W18 

„ . 90 

Level ; in current . 

— 

— 

20-76 

•24 

W19 

„ . no 

Level j in current . 



— 

20-58 

•39 

W20 

„ . no 

End, 90 ft. from rise 

— 






W20a 

Coed Mawr Pool 16 

End, 72 ft. from air . 



2 

20-25 

•46 

W21 

„ 10 

End, 102 ft. from shaft . 

— 

2 

20-27 

•66 

W22 

Svmmdde Dylluam 
(^40 

End, 60 ft. from shaft 20 
min. aft. 2 shots 

— 

2 

19-90 

1-10 

W23 

if * 

Winze, 18 ft. deep . 

— 

2 

20'87 

•26 

W24 

ft • 

Rise, 30 ft. high 

— 

2 

20-77 

•09 

W25 

„ 36 

End .... 


2 

20'92 

•04 

W26 

„ 70 

End .... 

— 

— 

20-47 

•66 

W27 

ff 

Winze, 12 ft. deep , 

— 

3 

20-42 

•49 


(a) This specimen was taken by myself, and the crystals first seen on it. The 
relative amount therefore not attempted to guess at. (h) Hard, dry, siliceous, with 
shale. (c) Level choked. (d) Ground hard. Wot. {e) Ventilated by 

hand fan. (/) Smell of tallow and perspiration. (^) Roof of level. (A) Floor 
of level. (i) Limestone. (y') Ventilated by door and air-pipes. (^) Aromatic 
smell formerly alluded to. 
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No. or 
Mark on 
Sample. 

Name of Mine, and 
Depth from surface 
in fathoms. 

W28 

Pary’s Mine 100 

W29 

)} 

112 

W30 

» 

• 

W31 



W32 

jf 

90 

W33 

Lisburn (a] 

. 

W34 

w C'*; 


W35 

f) 


W36 

n (“1 

. 

W37 


, , 

W88 

Loggy Lass 


W39 



W40 

Cwm Erfin 

. 30 

W4l 


. 32 

W42 

w 


W43 

it 

. 20 

W44 


. 20 

W45 

East Darren 104 

W4C 


80 

W47 

Biyn Qwiog (6)75 

W48 

n 

(b) . 

W40 

t) 

(b) . 

VV50 

jt 

(b) . 

W51 



W52 

Mona (c) 

60 

W53 

it * 


W54 

»(<) 

, 

W55 

tt • 

• 

W56 

it * 


W57 


• 

W68 

Snailbeach 

171 


Description of Place 
■vrhoro tal^en, and time 
when taken. 


Stopes from winze . 

End, 210 ft. from shaft . 
Winze, 24 ft. deep, 8 ft. 
by 4 ft. 

End .... 


End of cross cut, 300 ft. 
from shaft 

End, 150 ft. from winze, 
7 ft. by 5 ft. 

Rise, 12 ft. high, 102 ft. 
from winze 

End, 312 ft. from winze ; 
time, soon after shot 

Stone . . . . 

End, 270 ft. from air, 7 ft. 
by 5 ft. 

End, 180 ft. from winze . 

End, 120 ft. from rise, 64 
by 5 ft. 

Pitch 12 ft. up . 

Under a winze. Supply 
air 

Bottom of shaft 

. . . , 

End, cross cut, 240 ft. from 
current 

Pitch, 150 ft. from current 

End .... 

Do. do. after blower had 
been worked 

Supply air to blower 

End of cross cut, 360 ft. 
deep, 120 ft. from shaft 

End, 450 ft. from sump ; 
time, J hour after shot 


Therm. 

Fahr. 

No. of men 
working in it. 

Oxygen 
per cent. 

• 

Carbonic 

Acid 

per cent, j 

o 


20 '7a 

•10 

— 

2 

19-81 

M8 

— 

— 

19-16 

180 





— 

— 

20-34 

•49 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


— 

— 




20*76 

•22 

— 

— 

20-30 

•63 

— 

— 

— 

— 

— 

— 

20-35 

•61 

— 

2 

20-12 

•79 

— 

2 

20-0'l 

1-74 

— 

2 

20-25 

•72 


4 




— 

2 

20-12 

•66 

— 


19-72 

1'24 

•— 

2 

19-75 

1-22 

— 


20-11 

• 

•9 


— 

20’gz 

•02 




a»'7< 

•12 

— 

— 

20-04 

•83 

— 

2 

19-58 

1-32 

— 

2 

18-62 

2-26 

— 

2 

20-20 

•76 

— 

— 

20-52 

•41 

— 



2O'90 

•07 

— 

2 

20-37 

•87 

— 

2 

20-36 

•61 


(a) -Cannot find these. (6) All taken before any shots had been fired. A good 

deal of dust, scarcely crystalline in any part. (c) Air-pipes not much used 
(c^) Candles burn badly. (c) Aromatic smell, very distinctly that of apples; 

Borman miners frequently speak of this. 

H 2 
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AIB. 


No. OP 
Mark on 
Sample. 

Name of Mine, and 
Depth from surface 
in fathoms. 

* 

Description «f Place 
where taken, and time 
when tiiLen. 

Therm. 

Fahr. 

-No. of men 
working in it. 

Oxygen 
per cent. 

Carbonic 
Acid 
per cent. 

W59 

Snailbeach . 

171 

Under sump , 

o 


20'OT 

•83 

\V60 


186 

End, 270. ft. from sump . 

— 

2 

20*73 

•26 

W61 

a * 

. 

In voog . 

— 

— 

— 

— 

W62 


201 

Bottom of shaft 

— 

2 

20*72 

*14 

W63 


171 

End, 132 ft. from sump . 

— 

— 

20 * 7 ft 

•12 

W64 

ft • 

166 

End, 315 ft. from sump . 

64 

— 

2056 

*31 

W65 


126 

Level ; in current 

— 

— 

19-44 

1*46 

W66 

» («) • 

126 

End, 300 ft. from sump . 
Tribute pitch between two 
shafts 

End, 120 ft. from winze . 

— 

2 

20'29 

*57 

W67 

ft 


— 

— 

19-61 

1*33 

WG8 

Roman Gravels 
(b) 6 

— 

2 

20*81 

•26 

W69 

W 20 

End, 290 ft. do. 

— 

4 

1958 

1*42 

W70 

DyliffeW . 


Sump, 36 ft. deep . 

— 

3 

19'9() 

•92 

W71 

25 

Cross cut, 360 ft. from air 


— 

1970 

1*20 

W72 

„ (4 . 

76 

End, 480 ft. from winze . 

60 

2 

19‘45 

1-70 

W 73 

» (/) • 


Do. ... 

— 


2007 

•88 

W74 


85 

End, 210 ft. from shaft . 

— 

2 

1888 

2*21 

W75 

Foxdale 

72 

End, 160 ft. do. 

Stopes between 72 and 80 
fm. levels 

— 

— 

20-73 

•12 

W76 

*) 

• 

— 

6 

20-90 

•06 

W77 


86 

End of cross cut 

0 

2 

20-80 

•18- 

W78 


100 

End, 210 ft. from shaft . 

— 

2 

1979 

1-3 

W79 


86 

End, 180 ft. from rise 

— 

2 


— 

W80 


72 

End, 90 ft. do. 

— 

2 

19 

1*00 

W81 

Laxey 

, 

Stopes .... 

— 

4 

20-88 

*05 

V^8^ 

» (i/) 

166 

Ena .... 

— 

4 

20-72 

•16 

W83 


212 

End .... 

— 

2 

19'92 

1-16 

W84 



Bottom of shaft 

— 

— 


— 

W85 

” (ff) 

no 

End .... 

— 

2 

19-62 

1*63 

W86 

Coniston (h) 


End, 900 ft. from draught 

66 

2 

20-26 

•88 

W87 


, 

Sump, 84 ft. deep , 

64 

3 

19-58 

1-40 

W87b 

Silberthwaite 

(0 

End, 3,300 ft. in 

— 

2 

— 

— 

W88 

Goldscope . 

Stopes in 60 fm. level 

End, 36 ft. in, ft. by 4J 

— 

2 

20-07 

•91 

W89 


90 

— 

2 

20 65 

•3 

W90 

« oj 

, 

Bottom of shaft 

— 

3 

20-42 

•6 

W91 

„ M 

60 

End, 132 ft. from winze . 

— 

2 

19-77 

105 

W92 

Castlenook . 

28 

Bottom of shaft 

— 

3 

19-62 

1-13 

W93 

„ (!) 10 

End, 64 ft. from rise, 6^ ft. 
by 4 ft. 

— 

2 

20-46 

•64 

W 94 

Greenside . 

.1 

Engine sump, 23 ft. wide . 

— 

2 

20-62 

•47 


(a) Peculiar organic odour. (6) Fatty smell; butyric acid very clearly amongst 
others. (c) Air-pipes, level choked. (d) Ventilated by duck machine attached 
to engine-rods. («) Blower idle. (/) After machine at work. (^) Air- 
pipes. (A) Door and pipes. ^ (e) Air-pipes. (;*) Black dust chiefly; 

not in great quantity. (k) Men just going to fire. (^) Level choked. 
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^ Name of Mine, and 
\ Depth from surface 
in fathoms. 

Description of Place 
whore taken, and time 
whdh taken. 

Therm. 

Fahr. 

Greenside . 

Rise, 18 ft. high 

o 

n * * 

End, 30 ft. from air . 

Sump .... 

— 

V • • 

— 

Hutton 

— 

Upleatham . 

) ff • , 



— 

Northumberland : 



Derwent . 120 

96 fm. level, forehead 
west; cuiTent 220 ft. 

66 

„ . 91 

Cumberland : 

60 fm. level, forehead 
east j current 120 ft. 

64 

Stow Craig 7 

7 fra. level, forehead 

48 


north ; current 24 ft. 

2 

si 

» 12 

12 fm. level end, north; 
current 180 ft. 

66 

Lady Vein . 30 

Rise in forehead of adit, 
east ; current 240 ft. 

63 

Guttergill . 12 

High level, east driving; 
current GO ft. 

64 

Dowpot Syke 16 

South cross cut end ; cur- 
rent G6 ft. 

66 

„ 10 

Top level end ; current 42 
ft. 

66 

Brownley IDll 90 

South driving on ^jug’ 
vein ; current 12 ft. 

Sump below adit : current 
72 ft. 

66 

„ 93 

62 

„ 83 

Ore workings above adit ; 
current 60 ft. 

63 

„ 108 

South driving, *4 fm. 
limestone;’ current 100 ft. 

66 

2 

Ncnthead. about 

Small cleugh level, end 

SJ 

62 

68 

going east; current 160 ft. 

2 

„ about 68 

Small cleugh level, end 
g)ing west ; current 160 

aJ 

66 

2 

s 

ff )f 

Ore workings, roof of level ; 
in current 

66 

6 

Nattrass 

End driving south ; current 
600 ft. 

8 . 

62 

Honey Bee . 7 

End driving east : current 
420 ft. 

60 


2 — 

2 20'8ft 

4 19*55 

— 20*90 
- 20-22 1 
— 20*91 
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AIR. 


No. or 
Mark on 
Sample. 

Name of Mine, and 
Depth from surface 
in fathoms. 

Description of Place 
where taken, and time 
when tdken. 

Therm. 

Fahr. 

|.s 

‘sa 

Oxygen 
per cent. 

Carbonic 
Acid 
per cent. 

BB 

Cumberland : 
White Bee 26 

End driving east ; current 
24 ft. 

Bottom of sump in low 

o 

56 

2 

— 

— 

OC 

Clargill Bum 40 

69 

2 

— 

— 

DD 

Fullgrove . 10 

drift ; current 160 ft. 
Adit, level end, west ; 

61 

2 pel 

.1.^ 



EE 

Crossgillhead 26 

current 42 ft. 

Adit, level end, going 

62 

shift 
2 pel 

— 



FF 

Dosey . . 25 

south ; current 700 ft. 
Slopes in sole of adit; in 

46 

shift 

2 

20 62 

•48 

GG 

Calvert . 60 

current 

Clearing adit, south-west ; 

60 

2 

20 79 

•20 

HH 

Dougang . 90 

current 120 ft. 

Fourbreast of adit level, 

60 

6 

20‘68 

•38 

II 

„ . CO 

going west ; current 720 

End of driving going east ; 

68 

4 

19-09 

1*84 

JJ 

Yorkshire: 

Stairg, Arken- 

current 60 ft. 

South cross cut forehead; 

55 

2 per 
shift 

4 

19«3 

HI 

J J 

dale . . 20 

CJumberland : 
Birchy Bank 

current about 1,000 ft. 

End of east drift ; current 

52 

2 per 
shift 
2 

20-37 

a 

•77 

JJ2d 

.. (“) • 

80 ft. 


___ 

.... 


KK 

Yorkshire : 

Stang, Arken- 

Rise in north driving ; 

68 

2 per 

18-77 

2-38 

t- 

LL 

dale . . 15 

Foregill, Arken- 

current about 400 ft. 

End south, bottom of 

66 

shift 
3 per 

19-04. 

2-61 

LL2 

dale . . 30 

. (h) . 

sump ; current 90 ft. 


shift 



MM 

„ 30 

Drift end going towards 

66 - 

Iper 

19 

2-40 

MM2 

sump ; current 50 ft. 


shift 



NN 

(c) 20 

‘Slack,* cross cut end; 

68 : 

2 per 

20-13 

•96 

NN2 

. (d) . 

Fellend, Arken- 

current 500 ft. 


shift 

19-62 

1-39 

GO 

Gutter’s level, drift end 

66 : 

Iper 

— 

— 

PP 

dale . . 40 

Hurst . about 30 

east ; in current 

Pryes level, low drift end ; 

68 i 

ihift 

2 per 

20*92 

. 

PP2 


current 180 ft. 

s 

ihift 

20-37 

•68 

QQ 

Coppertbwaite 46 

Low drift forehead, east; 

64 J 


20'8X 

— 

current about 200 ft. 

i 

jhift 




(a) A slight but disagreeable smell. A friend considered it putrescent. I could not 
deride. Found no sulphuretted hydrogen, (/>) Fatty matter and perspiration, 
(c) After first exphsiou in level forehead. (d) After second explosion. 
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No. or 
Mark on 
Sample. 

Name of Mine, and 
Depth from surface 
in fathoms. 

Description of Place 
where taken, and time 
wken taken. 

Therm. 

Fahr. 

s-t 

a.s 

■sg 

I'i 

Oxygen 
per cent. 

Carbonic 
Acid 
per cent. 

QQ2 

Yorkshire : 



0 


• 

20-56 

•25 

KR 

Grinton 

G 

Low level end; current 

62 

2 

20-52 

•43 

SS 

Old Gang . 

90 

300 ft. 

Bunting, south cross cut 

63 

2 per 

1972 

1'28 

TT 

II • 

60 

end ; current 210 ft. 
Bunting, top drift end. 

68 

shift 

4 

19-62 

1*17 

UU 

,, about 50 

west ; current 300 ft. 

Barberry main level, fore- 

56 

2 pel 
shift 
4 

20-55 

•22 

vv 

tf )) 

50 

head ; current about 300 
ft. 

Barberry cross cut, no 

67 

2 pel 
shift 
4 

19-60 

1*11 

w w 

Hurst . 


forehead; current about 
200 ft. ; time, imme- 
diately aft. a shot 

Queen’s level, drift 12 fms. 

55 

2 per 
shift 

6 



XX 

Arkendale . 

70 

above it ; in current 

Faggergill, forehead of 
adit level ; in current 

56 

2 per 
shift 
4 

20-7S 


XX 2 




2 per 
shift 

20’69 

•40 

Y Y 

Keldheads . 

66 

Main level forehead ; cur- 

51 

8 

1977 

1*41 

YY2 


(«) 

rent 210 ft. 


2 per 
shift 



ZZ 


81 

Low level forehead ; cur- 

59 

8 

19-55 

1*64 

AAA 

West Burton 

20 

rent 54 ft. 

Stopes over main level 

' 59 

2 per 
shift 
10 

1 

20*90 

_ 1 

2 d 



forehead ; current 180 ft. 


5 per 
shift 


_ 

BBB 


18 

West stopes above level ; 

58 

6 

20*91 

•09 

CCC 

Keldheads . 

35 

current 20 ft. 

Ash bank, main forehead ; 

68 

6 

19-24 

2-08 

2 d 



current 120 ft. 


2 per 
shift 

20-26 

*76 

DDD 

w 

31 

Ash bank, rise; current 

58 

4 

20-29 

1*21 

2d 


(P) 

about 90 ft. 

_ 

2 per 
shift 



{a) A strong smell as of cinders burning, sulphurous evidently, 
and also fatty. 


(i) Aromatic 
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No. or 
Mark on 
Sample. 

Name of Mine, and 
Depth from surface 
in fathoms. 

Description of Place 
where taken, and time 
when takeh. 


1 No. of men 
[working in it. 

Oxygen 
per cent. 

Carbonic 
Acid 
per cent. 

SEE 

e 

Westmoreland : 
Dupton Fell 50 

< North Dobron’s * fore- 

o 

53 

6 

2013 

•78 

FFF 

„ . 60 

head ; current: ventilated 
by fissures in limestone 
^ South Dobron’s ^ fore- 

65 

3 per 
shift 
8 

20'21 

1-03 

GGG 

„ . 100 

head ; current: ventilated 
by fissures in limestone 
Threalkeld or deep level 

63 

4 per 
shift 
4 

19-84 

1-37 

HHH 

Silverband . 80 

forehead ; current : venti- 
lated by fissures in lime- 
stone 

Stope vein forehead ; cur- 

49 

2 per 
shift 

4 

20-82 

•23 

iinm 


rent: ventilated by fis- 
sures in limestone 


2 per 
shift 

20-47 

•63 

Ilia 

„ . 80 

Remington ,* current ; ven- 

53 

4 

20-79 

•33 

2d 

• • («) • 

tilated by fissures in lime- 
stone 


2 per 
shift 



JJJ 

n * * 

Silverband forehead ; cur- 
rent: ventilated by fis- 
sures in limestone 

50 

4 

2^ 

1-02 

sss 

. (ft) . 


2 per 
shift 


» 

No. 1 

Clifford Mine, the 
hot mine (c) 

. 220 

120 ft. from shaft, 2 from 

106 

— 

20-87 

*13 

No. 2 

winze 

From stopes at eastern end 

96 

_ 

20'30 

•68 

No. 3 

' . . .220 

of 220 

From stopes 

98 


20*80 

•2 

No. 4 

. . (d) . 

From a cross cut; men 

— 

— 

20*62 

•26 

No. 1 

. 40 

resting themselves 


2 



No. 2 

. . « 


— 

— 

— 

— 

1 

Anali 
Parr Consols 80 

fses not included in the Ave 

rage, 

70 

i 

20‘44 

•42 

2 

100 

Cross cut 

74 

— 

19*90 

1-18 

3 

„ 150 

Stopes .... 

77 

— 

20-60 

•27 

4 

„ 180 

End .... 

84 

— 

20*75 

•17 

5 

Fowey Consols 

N. of union shaft 

72 

— 

19*71 

1-23 


180 






(fl) A smell somewhat like candles burning— far from pure air. (6) A smell as 
of burning oils. (c) A smell as of burning oil ; water running at the rate of two 
gallons per minute, 120® F. (d) Men resting; 17 men in a high state of perspira- 
tion, and 7 candles burning. 

^ The carbonic acid is given in old stylo in a few cases. These numbers were got merely 
by subtracting the oxygen from 21. They are, therefore, only approximative ; but, as a 
rule, they are a trifle too small, Those, for example, with 21 of oxygen are put as having 
no carbonic acid, whereas they must have *03 to ’04 per cent, from the atmosphere. 
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No. or 
Mark on 
Sample. 

Name of Mine, and 
Depth &om surface 
in fathoms. 

Description of Place 
where taken, and time 
whhn t^en. 

U 

No. of men 
working in it. 

Oxygen 
per cent. 


6 

Fowey Consols 200 

Stones .... 

0 

74 


■""" V 

20*96 

•04 

7 

„ 220 

Ena .... 

84 

— 

20-22 

•67 

8 

„ 270 

Stopes .... 

81 

— 

19-82 

1-09 

9 

„ 270 

Stones on south lode 

82 

— 

20‘2« 

•69 

10 

„ 280 

End .... 

Gekman Mines. 

86 


19-70 

1-19 

a 1 

Der alte Eliza- 
beth, Freiberg . 

End .... 

— 

— 

19-80 

1-08 

2 

ff • 

Ditto, another end . 

— 

— 

20-48 

■39 

3 

Mordgrube, near 
Freiberg . 

— 

— 

18-93 

203 

4 

ff • 

A stope .... 

— 

— 

18-52 

2*42 

6 

Samson Mine, 

Andreasberg 

Elizabeth Mine, 
Clausthal (a) , 

End of long level 

— 

— 

20-39 

•49 

6 

Stope .... 

— 

— 

20-51 

•46 

7 

Top of a rise . 



20 6S 

•23 

8 

Samson, Andreas- 
berg . 

ff * 

End of a long level . 

— 

— 

20‘90 

•16 

9‘ 

Ditto, farther from shaft . 
Large wide space 





20-25 

•73 

10 

ft 

— 

— 

2p-78 

•10 


Coal Mines. 


No. or 
Mark on 
Sample. 

Name of Coal Mine, 
and Depth from 
surface in yards. 

Amount of Air, and 
place where taken. 


S-S 

bi 

0 a 

o'rS 

’ll 

Oxygen 
per cent. 

Carbonic 
Acid 
per cent. 

1 

Cowper Colliery 

(b) 200 

• 

66,000 cubic ft. per. min., 
workings 12 ft. by 7; 
100 yards from the 
downcast shaft 

0 

62 

100 

20*85 

1 

•06 

2 

. ■ ( 0 ) ■ 

1,000 yards from the 
downcast shaft 

— 

— 

20*71 

•44 

3 


A side working; 2,000 
yards from the downcast 
shaft 

66 

1 andl 
candle 

20*87 

•13 

4 

. 

End of workings connected 
with upcast shaft I 


— 

20-57 

•39 j 


(«) A blowing machine in this mine. (6) Current very strong, 
between downcast shaft and end of workings. 


(c) Half-way 
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No. or 
Mark on 
Sample. 

Name of Coal Minoi 
and Depth from sur- 
face in yards. 

Amount of Air, and 
place where taken. 

Therm. 

Fahr. 

No. of men 
working in it. 

Oxygen 
per cent. 

Carbonic 
Acid 
per cent. 

6 

f 

North Seaton 

40,000 to 46,000 cubic ft. 

66 



— 

1 

Colliery (a) 248 

per min. of air 

100 yards from the down- 

■■■ 

— 

20-97 

•03 

2 

. . (j) . 

cast shaft 

Average air of mine to all 


..... 

2071 

•29 

3 


appearance 

Air from workings' after 


... 

20*80 

•16 

4 


passing over 53 horses 
and 88 men and boys 

Air after passing over 250 
men and 58 horses, and 
through 2 miles of work- 
ings 



20*44 

•42 







(a) 250 men and 58 horses. (b) After passing over 40 men. 

Mr. Charles Twite collected nearly every specimen. I 
began only so as to try the best method! 

Summary of the Analyses. 


Oxygen, average of the whole 339 specimens 


. 20*26 

of ends 


. 20*18 

of other parts .... 


. 20*32 

in currents 


. 20*65 

in large cavities .... 


. 20*77 

juat under shafts .... 


. 20*424 

in sumps ..... 


. 20*14 

Carbonic acid ...... 


•785 

35 or 10*67 per cent., normal or nearly so. 

81 or 24*69 per cent., decidedly impure. 

212 or 64*63 per cent., exceedingly bad. 



Here the division into three classes 

is made as before 

explained. Other analyses made after the above 339 


give similar proportions. 

It is remarkable that the carbonic acid found by the 
method explained should so nearly approach the amount 
of oxygen deficient, and also that the diflerence should 
be in excess of the oxygen as was anticipated on account 
of the use of gunpowder, bringing in a disturbing quan- 
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tity. It turns out as we might expect, that the sumps 
are the very worst and the ends nearly as bad, and tliat 
currents and large cavities have an amount of oxygen 
equal to that found in a well-ventilated coal mine. The 
value of the oxygen test is perceived here, and the accu- 
racy of the method of taking the carbonic acid is also 
confirmed. 

I need only observe that if '1 or '2 deficiency of 
oxygen indicate bad ventilation in houses, the state of 
these mines must exceed aU that we who live above 
ground can comprehend. We enter gradually and can- 
not well judge ; if we leapt from the pure air into a close 
end in an instant we should recoil with horror. 


GENERAL IMPURITIES OF THE AIR OF MINES, AND 
CALCULATION OF EXTENT. 

When a mine opens into the free air, and when there 
is sufficient light at the entrance, we are apt to "Suppose, 
in many cases, that fires are burning within it, because a 
constant flow of dusty and smoke-like vapour issues in 
an endless stream. This is the impure air of the mine 
which escapes Avith whatever solid matter it can support, 
the powder and candle smoke mixed with the exhalations 
of the workmen. When you enter that smoke yourself 
you are not aware of any impurity — at least after a few 
minutes are gone ; and as the stream is pretty rapid, it may 
leave even a somewhat cooling and refreshing sensation, 
if we come from a less pure part of the mine where the 
air has been warm ; this we frequently do when we have 
gone some distance from the shaft or draught of air. 

If we pass fi:om the air of the shafts to the sidings, 
galleries, or long levels where the air is stagnant, the 
chang^e is very striking ; and when we return to the 
shaft we are again comparatively refreshed. That this 
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is really a comparative feeling, and to some extent there- 
fore a delusion of the senses, may be proved, because we 
experience the same feeling of'pleasure in breathing as 
soon as we leave the shaft itself and enter the pure, air ; 
and this is found even on escaping from the largest and 
best ventilated shafts. Our senses adapt themselves with 
marvellous rapidity to changes. True, when passing 
rapidly from one atmosphere to another, they give correct 
notice of the change, but discrimination appears to them 
much less useful where there is no choice. 

In passing through the long levels, between air cur- 
rents, or removed from close ends, my small experience 
did not show that anything occurs to render the air 
oppressive ; the impression given is that of want of fresh- 
ness. As a rule, the long passages appeared so ventilated 
that although the air is inferior to that above ground, it 
is still such as does not strike us with alarm. But it is 
when we come to the end of the levels that the trial of 
the air begins, that is, when we leave the direct influence 
of draughts. It may be, perhaps, looked on as a matter 
of necessity that most of the borers should work at such 
ends. 

The first mine in which I made experiments was that 
of Dolcoath. The air which was analysed was taken at 
1,320 feet from the surface at a place half a mile from 
the main shaft at which we entered, but, contrary to 
anticipation, only 80 fathoms from another shaft, and 
one by which the air entered as being the lower ; the 
distance from the nearest winze was 40 fathoms. The 
height of the level was 7 feet 5 in., the broadest part being 
below, but narrowing above. The air was taken an hour 
and a half after an explosion for blasting, in which five 
ounces of gunpowder were used. A blast such as this 
was made every 2^ hours. The men informed me that 
after a blast they stay away for about half an hour to 
let the air clear, but they sometimes, in their anxiety to 
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know the result, run in, after five minutes, just for a 
moment, to see if anything remarkable has happened; 
especially if they have taken the spot for themselves, 
when they have hopes of a load of treasure.^ They 
generally retire to some nook about 20 fathoms from 
the blast The temperature was 70° Fahrenheit (2ri° 
Cent.) and in cooler corners 65° (18*3° Cent.) 

In South Francis Mine the depth entered was 1,056 
feet, at about 100 fathoms from the direct air shaft, and 
24 from a winze ; this winze, however, giving only air 
which had previously passed through other levels where 
the height was 6^ to 7 feet, and the breadth about 3. 
Five blastings were made in 8 hours, which is a shift, 
each blast consuming on an average 3^ ounces of gun- 
powder. Two men worked together with two candles. 

At Botallack Mine the air was taken at about a quarter 
of a mile out from the shore and the same distance from 
the shaft. This mine was remarkably dry, whilst the 
previously-mentioned were remarkably wet. Mr. Couch 
considered this mine as very well ventilated, bilt I was 
not aware of its peculiarities. 

It was after viewing the condition in which the men 
in these mines worked that the following calculations 
were made. After seeing other mines I am still inclined 
to look on these figures as fair approaches to an average 
state of things, or, in other words, a statement of the 
influences at work in the air at an average of these ‘ ends,’ 
whilst the analyses show that the calculations represent 
fairly the state of the worst parts. 

The actual condition of the air must of course be 
obtained from the analyses ; there the result is found 
after all the influences at work have performed their 
part. The calculations are made for a space represented 
by 50 feet in length from a ‘ close end ; ’ if a larger space 
were assumed the results would correspond to a greater 
number of cases, but the close ends arc the most 
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important, and for the theoretical part I am not inclined 
to make a change. We must not forget that explosion, 
diffusion, and inequalities of temperature and moisture 
are continually at work to cause variations, and that air 
which would have had the calculated composition may 
on account of these influences be found to have fewer 
impurities. Small as the value of these calculations 
might be alone, they throw a great light on the condition 
of the mine, when taken in conjunction with the analyses, 
to which they are intended specially to act as illus- 
trations. 

Amount op Carbonic Acid from Breathing. 

Let us take the amount of carbon given out in a day 
by the lungs at 7 ‘55 ounces : — 

This will be equal to carbonic acid — 

16-G cubic feet at 70° F. 

Or 844*60 grammes, 

441714*0 cub. c. 

Let us consider this given out in a space equal to 50 
feet in length, 5 feet in height, and 4 feet in breadth : 
50 6 X 4=1,200 cubic feet, similar to a close end. 

It is equal to 35’3166 cub. metres. 

Let us double the amount of carbon, as there are 
always at least two men working, and let us divide it by 
three, giving them eight hours per day : — 

16*6 cub. feet x 2 = 31*2 -4- 3 = 10*4. 

This is '86 per cent, of the 1,200 cub. feet. 

Amount op Carbonic Acid from Candles. 

During this time there is burnt about half a pound 
of candles. These may differ, and do differ, in quality, 
some having more and some less rosin. But we may 
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suppose them formed of stearine, and if they are not 
entirely so we shall at least be near enough for the 
present purpose by supposing it. It is impossible to 
work out the numberless suppositions that might be 
made ; I must be content with one. Let us suppose the 
candle grease to contain 114 atoms of carbon, 110 of 
hydrogen, and 12 of oxygen : — 

J lb. of stearine will contain 2689*89 grains carbon. 

„ „ 432*68 ,y hydrogen. 

„ „ 377*63 oxygen. 

3600 

These 2689-89 grains of carbon will make an amount 
of carbonic acid equal to 9862-92 grains. Taking the 
weight of 100 cubic inches at 60° F. to be 47-339 grains, 
we have a volume of carbonic acid of 12-044 cubic feet, 
or at 70° F. of 12-2765 cubic feet. 

This, in French measure, is — 

Carbon 174*18 grammes 

Carbonic acid .... 638*69 „ 

Or 347696 cub. centimetres. 

The amount on the 1,200 cubic feet is 1-023 per cent, 
of carbonic acid. Add this to the amount by broatliing, 
and we have carbonic acid — 

By breathing . . *86 per cent. 

From candles . . 1*023 „ 

introduced into the space of 1,200 cubic feet in eight 
hours by two men and two candles. 

Powder Smoke. 

During the same period of time as that just mentioned, 
namely, eight hours, there are used 12 ounces of gun- 
powder=340 grammes. The composition of gunpowder 
varies, but one not unusual contains : — 



Nitre' 
Sulphur . 
Charcoal . 
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IIS 


Or, *n equivalent parts — 

Nitre 
Sulphur . 

Carbon . 



101 

10 

IS 

135 


These are converted by explosion into — 


Carbonic acid .... 

. GO 

Nitrogen 

. 14 

Sulphide of kalium . 

. 55 


i;i5 


The ■weight, therefore, remains the same after ex- 
plosion, or in other words die smoke weighs exactly 
the same as the gunpowder. This is not so with smoko 
generally, which weighs much more than the wood or 
coal consumed: but powder burns without air; it sup- 
plies its own air in the nitre employed. This powder 
gives another increase of carbonic acid equal to 2'803 
cubic feet, or -233 per cent. — 


making by breathing . . . *86 

candles 1023 

gunpowder .... *233 

per cent. .... 2*110 


Besides this amount of carbonic acid there are 2,139 
grains of sulphide of kalium or potassium, or an equiva- 
lent in sulphate of potash, floating in the atmosphere — a 
portion of the smoke. This is not constant, but exists in 
great amounts for a short period of time, and in small 
amounts for a longer time. It is, however, seldom 
entirely absent. It exists for a while after the explo- 
sion in such excess, that sight and breathing become 
nearly impossible for ^ or 20 per cent, of the time ; that 
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is, above three half hours out of the eight hours. During 
that time the men are not present above a few minutes, 
but they breathe the less dense smoke much longer, 
perhaps some of them constantly. , 

About one-third of the powder is fired off at a time. 
There are 713 grains of sulphide of potassium, or its 
equivalent in sulphate of potash, sent into the air at once, 
leaving '59 grains in a cubic foot, or still more of the 
oxidized salts and other substances, as will be seen in 
the last table of this chapter. This amount, small as it 
seems, is intolerable, and the men can neither work nor 
live in it. They wait till it diminishes. But it is im- 
portant to remember this amount to be able to under- 
stand the enormous infiuences which are to be ascribed 
to substances existing in quantities which by our modes 
of description appear to be extremely minute. 

The decomposition attributed in the above calculation 
to gunpowder is theoretically correct in this sense, that 
the arrangement of the elements is fitted to bring about 
such a result as nearly as we can reckon, but the actual 
result is very complicated. It is extremely probable 
that no mixture could be made sufficiently intimate to 
produce this purely theoretical result. We find that on 
coming from a mine our mouths and nostrils are ex- 
tremely black ; this blackness is much greater in those 
organs than over the face. The reason is that the 
current of air entering by the mouth or by the nostrils 
is strained and purified to a great extent, and charcoal 
from the powder is one of the substances strained out. 
The charcoal is not wholly burnt during the explosion of 
the powder ; the sulphur is not wholly as a sulphide of 
kaliura or potassium, and the nitre is not wholly robbed 
of its oxygen. This sulphide is believed to be converted 
rapidly into sulphate of potash. Professor Bunsen seems 
to think that the conversion of part is instantaneous ; 
and as he has examined the combustion of gunpowder 

1 
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i» carefully it will be needful to consider what would be 
the composition of the air of the 1,200 cubic feet when 
we have decomposed the gunpowder according to his 
formula. 

Besides these substances mentioned there are 544-4 
grains of nitrogen, or 1,784 cub. in. at 70® P. set free 
from the saltpetre, being -86 per cent, increase on the 
nitrogen of the atmosphere in the space alluded to. 

Tlie changes in the 1,200 cubic feet will now be more 
fully understood. 

The 1,200 cub. feet of air consisted of — 

Oxygen ..... 260*8 cub. feet. 

Nitrogen .... 949*2 „ 

This will be increased by — 

10*32 carbonic acid from breath. 

12*276 „ „ candles. 

2*796 „ „ gunpowder, 

1*03 nitrogen from gunpowder. 

Addition .... 26*422 

Supposing the oxygen lost and the carbonic acid found 
in amount to be the same, which for the man is not 
exactly true, the volume will be diminished by an amount 
of oxygen equal to the — 


Carbonic acid from breath 10*32 

and that from candles 12*276 

Oxygen united to the hydrogen of the candle . . . 4*929 

Or together 27*525 


We then have the new state of the air in the 1,200 
cubic feet space — 

Oxygen 260-8 — 27-625 = 223 276 

Nitrogen . . . 949*2 + 1-03 from gunpowder 950*302 

Carbonic acid from breath .... 10*32 

„ „ candles .... 12*276 

,, „ gunpowder . . . 2*796 

25*392 25*392 

The 1,200 cubic feet are now .... 1198*897 
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A little of the air from the level will now enter to fill up 
the space left. 

I do not here calculate ‘the amount of oxygen burnt 
by the hydrogen of fatty matters during respiration* Let 
us put the above into percentage and total amounts : — 

Original oxygen in 1,200 cubic feet 260*8 after work . 223*48 
Nitrogen „ „ 949*2 „ 951*10 

Carbonic acid „ „ „ 26*42 

1200*000 


The same calculated in volumes per cent. : — 

Oxygen . . . 20*9 after ^ . . 18*G2 

Nitrogen . . , 79*1 „ . . 79*26 

Carbonic acid . . „ . . 212 

T66^ 

The carbonic acid before work is left out as being too 
small to affect materially the result of this calculation. 

We here see a diminution of 2 per cent, of oxygen, 
and an increase of rather more than 2 per cent, of car- 
bonic acid ; and this may be said to be the rough result, 
as far as these two gases are concerned with this cfilcu- 
lation, and sufficient for all who do not require to go far 
into details. * 

If we wish to know with still greater exactness the 
condition of the air as caused by gunpowder, we must 
take one of the following analyses. J, Linck gives gun- 
powder as ^ — 


Saltpetre *7470 

Sulphur *1246 

{ Carbon *0905 

Hydrogen *0041 

Oxygen *0279 

Water . ' *0060 


1*0000 

From these result on explosion — 


^ Jahrhuch der Chemte, 1868, p. 049. 
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Solids. 


Sulphate of potash 

Grammes. 

. *2891 

Carbonate of potash . 

. -1537 

Bisulphide of potassium 

. -0969 

Hyposulphite of „ . . 

. -0374 

Siilphocyanide of „ 

. 0116 

Nitrate of „ . . 

. *0120 

Charcoal left .... 

. -0183 

Sulphur 

. -0031 

Sesquicarbonate of ammonium . 

. -0204 


Gases. 


Carbonic acid . 

Grammes. 

. *2239 

Cubic C 
113*86 

Nitrogen .... 

. -0952 

75-72 

Sulphuretted hydrogen 

. -0238 

16*67 

Carbonic oxide 

. *0118 

9*46 

Hydrogen .... 

. -0003 

3*56 

Oxygen .... 

. *0001 

•09 


•3551 

218*35 


Messrs. Bunsen and Schischkoff, in the year 1857 
(‘ Jahrbuch,’ p. 626), give — 

Gunpowder, 


Saltpetre 

Sulphur 

f Carbon 

Charcoal i Hydrogen . 

I Oxygen 

On explosion resulting in : — 


78*99 

9*84 

7-69 

•41 

3-07 

100*00 


Solids. 


Sulphate of potash 

. 62*10 

Carbonate of potash 

. 18*58 

Hyposulphite of potash . 

. 4-80 

Sulphide of kalium 

. 313 

Sulphocyanide of kalium 

•45 

Nitrate of potash .... 

. 5*47 

Carbon 

. 1*07 

Sulphur 

*20 

3/2 Carbonate of ammonia . 

. 4*20 

100*00 
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Gases in Volumes, 


Carbonic acid 

. 52-67 

Nitrogen . . , 

. 41-12 

Carbonic oxide 

. 3-88 

Hydrogen .... 

. 1-21 

Sulphuretted hydrogen . 

•60 

Oxygen .... 

•62 

Binoxide of nitrogen 

-00 


100-00 

actual quantities : — 


Solids. 


Sulphate of potash 

. -4277 

Carbonate of potash . 

. *1264 

Hyposulphite of potash 

. -0327 

Sulphide of potassium 

. -0213 

Sulphocyanide of do. 

. -0030 

Nitrate of potash 

. -0372 

Carbon 

. . -0073 

Sulphur 

. -0014 

Sesquicarbonate of ammonia 

. -0287 


~t3866 

Add gases . 

. -3138 


-9994 f^om 


1 gramme of gunpowder. 


Gases hy Weight, 


Carbonic acid 
Nitrogen 
Carbonic oxide 
Hydrogen . 
Sulphuretted hydrogen 
Oxygen 


In grammes. In C.C. 
. -2012 101-71 

. -0998 79-40 

. -0094 7-49 

. -0002 2-34 

. -0018 1-16 

. -OOli 1-00 

"•3l38 193-10 


Although the result here is much more complicated 
than by the first calculation, and the proportions differ 
considerably, it also turns out that the resulting gases 
and solids which make up the smoke are equal to the 
weight of the original powder used. This simply means 
that the amount of nitre has been very carefully calcu- 
lated. No such accuracy is found in the powder of the 
miners, or in that which I used for experiments. 
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The 12 ounces used per day in a close end, or let us say 
340 grammes, of gunpowder will give — 


As Gases. 





Litres. 

Carbonic acid .... 


• 

34*6799 

Nitrogen 



26*9969 

Carbonic oxide 



2*5473 

Hydrogen .... 



•7944 

Sulphuretted hydrogen 



•3939 

Oxygen 



•3414 




^6638 

-4s Solids, 



Grammes, 

Sulphate of potash . 



144*710 

Carbonate of potash . 



43*311 

Hyposulphite of potash 



1 1*189 

Sulphide of potassium 



7*296 

Sulphocyanide of potassium 



1*049 

Nitrate of potassium 



12*761 

Carbon, charcoal 

Sulphur 


• 

2*494 


• 

*460 

8/2 Carbonate of ammonia 


• 

9*790 



• 

233*106 


Taking 1,200 cubic feet, or 33,978 litres, we have — 

Litres. 

Carbonic acid from breathing . . . 261*0592 

„ half a lb. of candles . 324*7711 

67^03 

„ from the gunpowder . 34*6799 

610*4102 


The nitrogen from the gunpowder must also be added 
to the total nitrogen ; and when this and other operations 
are performed we have — 

Litres. 

Nitrogen 26,903*6949 

Carbonic acid 610*4102 

Carbonic oxide .... 2*6474 

Hydrogen *7944 

Sulph. hydr ‘3939 


33,844*4444 



AIB OF MINES. 


119 


By weight in actual amounts — 


Grammes. 


Oxygen . 

• • • • 

9,048-957 

Nitrogen . 

. ‘ • . . 

33,726*7 

Carbonic acid . 

.... 

1,200*44 

Carbonic oxide 

. • • • 

3*18800 • 

Hydrogen 

. 

•07186 

Sulph. hydr. . 

.... 

*59869 



43,979a4866 

By weight the numbers would be in 

per cents. — 

For Pure Air. 

For the Enclosed Air. 

Oxygon . 23*1 

Oxygen 

. 20*575 

Nitrogen . 769 

Nitrogen 

. 70*688 


Carbonic acid 

. 2*72958 

1000 

Carbonic oxide . 

*00725 


Hydrogen 

*00016 


Sulph. hydr. 

*00136 



99*99^ 

This will give a percentage constitution of the atmo- 

sphere in the enclosure as follows : — 




By Volume. 

Oxygen 



18*6935 

Nitrogen 

. . . . • 

79*4920 

Carbonic acid 


1*8036 

Carbonic oxide 

. . . . • 

*0075 

Hydrogen 


*0023 

Sulphuretted hydrogen .... 

*0011 



100*6061 

If we put together all the substances thrown into the 
air of the 1,200 cubic feet space, we have as air and im- 

purities together — 

Grammes. 

Grains. 

Oxygen 

. 9048*957 

139737*7946 

Nitrogen . 

. 33726*7 

620470*4 

Carbonic acid 

. 1200*44 

18626*2 

Carbonic oxide . 

3*188 

49-2 

Hydrogen . 

•07186 

1*1088 

Sulph. hydr. 

*69869 

9*23898 

Sulphate of potaah 

144*760 

2233*936 

Carbonate of potash 

43*311 

668*375 

Hyposulphite of potash . 11*189 

172^68 
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Sulphide of potassium 

Grammes. 

7-298 

Grains. 

112-592 

Sulphocjanide of potassium 

1-049 

16-186 

Nitrate of potassium . 

• 12-761 

196-773 

Carbon • . • . 

2-494 

38-482 

Sulphur . . • • 

-466 

7-191 

3/2 Carbonate of ammonia • 

9-790 

161-079 

Organic matter . 

- — 

— 

Sand .... 

— 

— 

Sulphurous acid, or sulphite 
of ammonia . 



Arsenious acid . 

— 

— 


All these substances actually are breathed by tlie 
miners. All except carbonic oxide, hydrogen, sulpho- 
cyanide, and arsenic have been actually found in the air. 
These four have been proved to enter it, and would be 
found if sought. We know assuredly that they exist, 
and search is therefore voluntary. 

Every gas, with the exception of the first two, is in- 
jurious. 

Every cubic foot contains — 


0 




Grammes. 

7-540797 

Grains. 

114-802599 

N 




28-106583 

433-8182 

CO, . 




1-0366G6 

16-0086 

CO . 




-002G56 

-041016 

H 




-000059 

•000911 

IIS . 




•000498 

•007690 

KOSO 3 




-120033 

1-862865 

KOCOj 




•036092 

-667316 

KOSjOg 




-009326 

-144000 

KS . 




-006080 

-093897 

KCy,S, . 




-000874 

-013476 

KONOs 




-010626 

-164076 

0 




-002078 

-032089 

S 




-000388 

-006989 

2NH^03C03 




-008168 

-126779 

Solids alone 




-194260 

2-999480 


The first visit to the mines in Cornwall suggested that 
the probable condition of the air would be obtained by 
these calculations ; fatiguing as they may be to read, and 
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still more so to find, they approach so nearly the exact 
truth in the case of those ingredients which can be ascer- 
tained by experiment, that I believe they may be taken 
as actually representing the true condition of the ak, with 
reference also to those substances which are not determined 
by analyses. Here are the impurities of the air ; how far 
are they removed by the means already in use ? If the 
specimens have been taken from proper places they will 
show how much purification is due to such influences as 
position and natural changes or the use of mechanism. 

There are some of the ingredients of the air at the end 
of the table not given in their quantity. The organic 
matter has been proved to exist, but its actual amount 
may be variously stated, and will be examined sepa- 
rately. 

The sand is meant to include the fine particles of the 
rocks and the ores which are driven about as dust. The 
sulphurous acid and the arsenic are both in minute quan- 
tities, and both probably have little influence. The 
arsenic, however, cannot be considered as entirely with- 
out eflect. The pyrites of Cornwall contains a large 
amount of arsenic, and when struck with a hammer or 
pick the smell is very strong. It is not a smell which a 
chemist only may trace, but one well known and used by 
the men as a test of the materials. This is a circumstance 
which may signify good or evil to the miners, most pro- 
bably evil, but it cannot be entirely avoided, and is coun- 
teracted only by draughts of air. To this long list of 
impurities must now be added the products of distillation 
of tar and of canvas fi’om the burning fuses. These are 
in amounts sufiicient to affect the senses, and are of them- 
selves extremely complex. 
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SOLID IMPURITIES IN THE AIR OF MINES. 

It ])as already been said that the air issuing from a 
mine is not an invisible fluid, but contains solid material 
enough to make itself distinctly perceived, if not in all 
cases, still in cases of even well-ventilated mines ; using 
the expression well ventilated in its ordinary accepta- 
tion, namely, compared with other mines. When I first 
observed this, it seemed to me that the sides of the shaft 
would be continually receiving accumulations of solid 
matter from these floating particles, and some of the sur- 
face of the wood was taken home for examination. But 
when it was considered how many solid particles in the 
form of stones and mud are continually moving up and 
down the shaft, it appeared, on the other hand, not at all 
probable that any conclusion could be drawn regarding 
those which were only to be caught by the sides out of 
the moving air. It was needful, then, to seek another 
method. In order to obtain floating particles in the air 
various methods have been used by Pasteur and others. 
Dr. R. D. Thomson used a screen, and others have used 
liciuids. But an easier method, for a portion of this 
enquiry at least, presented itself, when Mr. P. H. Holland, 
on looking at one of the tubes which had been filled 
with air from an end in South Francis Mine, asked why 
it glittered so much. A careful examination of every 
tube showed that the floating crystallized bodies of the 
mine air had deposited themselves on the glass. 

The microscope showed that the solid products of the 
combustion of gunpowder are to be recognised in the 
specimens of air, and that there is a considerable variety 
in the form of crystal. In some cases the crystals of 
saltpetre may be traced, in most a sulphate of potash. 
The internal space of the tubes is only from two to three 
cubic inches, and the substances occurring in smallest 
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amounts will not be readily detected. The percentage 
of sulphide of potassium in powder smoke is 3T3, of the 
solids, and of sulphide of hydrogen '6 ; whether from 
the quantity being so small or from the rapid oxidation 
of these sidphides, they have not yet been traced with 
any certainty in the air collected for analysis. In nearly 
all cases the tubes were examined by the microscope 
before they were broken open. 

The drawings of the substances speak for themselves ; 
the power used for magnifying was 85 diameters, a higher 
power being found unmanageable on account of the 
thickness of the glass. 

Besides the crystalbne bodies there are substances 
transparent but shapeless, some looking like pieces of 
quartz, some perhaps looking more like glass. 

There are also opaque substances, not very dense but 
shapeless and small, although at times one is found much 
larger than the others. I suppose these constitute the 
dust or broken-down portions of the rocks. Sometimes 
portions are blacker than others ; these are the charcoal 
of the gunpowder. 

Again, there are occasionally filaments of evident or- 
ganic origin ; these also are to be counted amongst J;he 
numerous substances that make up that complicated 
material so vaguely called dust. Portions of our own 
selves are to be found in it no doubt, and portions pro- 
bably of everything existing around us. 

Having found, then, that of a certainty numerous soluble 
and insoluble substances and bodies of various shape and 
texture are to be found in that air which the miners 
breathe, we naturally enquire what is the effect on the 
lungs. As this question belongs properly to a medical 
man only, I shall not presume to enter fiilly upon it, but 
it is certainly my part to prepare the evidence, and in 
fact to say as much as I have the power of learning. 

One complaint I have made against the air, viz. that 
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it is visible, when there is a layer of as little as one foot 
in thickness. The purest air is probably itself visible in 
the thickness of many miles. The atmosphere of all our 
towns js visible in the thickness of about half a mile, but 
there are portions of it readily seen in the small space of 
workshops, and even in those where numerous strong 
men are employed, who have not been found to suffer 
in an equal degree with the miners. In all these cases 
it may be said that there is a reservoir of purer air at the 
door, which may be considered equal to the existence of 
a shaft within a few feet. If such a convenience existed 
at every working spot of a mine, this enquiry would have 
been less necessary. 

In those workshops in towns the most apparent im- 
purity is that of smoke and the ashes of coals. It will be 
well to compare this with the substances found as solids 
in the air of mines. 


Analyses of the Ashes of Coals {Wattses Dictionary of Chemistry'), 



Newcastle 
Coal after de- 
ducting Sul- 
phuric Acid. 

Average of 

5 Welsh Coals. 

Average of 

5 Scotch Coals. 

Silica ..... 

62-44 

42-67 

49-63 

Alumina .... 

31-22 

— 

— 

Sesquioxide of iron and 
alumina 


43-56 

38-21 

Sesquioxide of iron 

2-26 

— 

— 

Lime ..... 

•75 

6-65 

3-18 

Magnesia .... 

•85 

1-08 

1-41 

Potash .... 

2-48 

— 

— 

Soda 

— 

— 



Sulphuric acid 

— 

4-46 

6-26 

Phosphoric acid . 

— 

•66 

103 

Percentage of ash 

1-30 

8-15 

— 


Here the ashes are seen at once to differ very far from 
gunpowder ash, and the smoke, as is well known, differs 
fer from gunpowder smoke. Let us consider the dif- 
ferences. 
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The coal dust consists almost entirely of insoluble 
salts ; the gunpowder entirely of soluble. 

The coal dust is shapbless ; the crystals of powder 
smoke and dust from explosions sharp. , 

The coal is oxidized by a great current of air, and sul- 
phides are therefore forbidden. The gunpowder smoke 
contains sulphides. If a few grains of gunpowder are 
exploded in a large vessel moistened on the side by ace- 
tate of lead, the whole vessel becomes black instantly. 
There is suljihuretted hydrogen in small quantities, but 
there is sulphide of potassium in comparatively large 
quantities, and that salt it is which gives the peculiar 
odour to powder smoke, in my opinion. I cannot but 
believe that the action on the limgs of this salt must be 
equal to that of sulphide of hydrogen, although from 
acting more slowly, perhaps the effect is more easily 
overcome. The slow action is a great advantage ; the 
body has time to renew fr equently the attack against its 
enemy ; but although there may be power to resist actual 
death, the eflfect of slow action may be, and most probably 
is, to distribute over a long period of time that death 
which might ensue instantly, so that, if a chemist may be 
allowed to use the expression, the eflfect is dissolved *in 
health and becomes disease. Probably the sulphide will 
deoxidize the blood and act in other ways not yet known. 
A powerful agent in the lungs it must be. 

People who love the smell of gunpowder may be sur- 
prised at tliis, but we need not go to the soldier or the 
sportsman for examples either on one side or the other. 
The amount of gunpowder which they inhale is a mere 
trifle compared with that taken into the lungs of the 
miners. The soldier may have as much in battles, but 
these are the rare occasions of his life. So far as air 
forms the condition of existence a miner lives on a battle- 
field his whole life ; he has the smoke, the dust, and the 
heat. Bead the description of the air of a battle-field 
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and you have already that of a mine. The sportsman 
with the fine air around him has at the most only a short 
whiff of the powder smoke. 

Let us endeavour to find how much really is inhaled. 
Let us say there are taken into the lungs in a minute 
320 cubic inches of air, an amount considerably below 
Vierordt’s estimate. We have, then, in 10 hours, which 
is longer than the men must be in the mine air, 111 cubic 
feet. Let us say that 30 of these cubic feet contain the 
full amount of solid matter estimated, or, in other words, 
that the 111 feet breathed contain an amount equal to 
the full dose contained in 30 feet. We have then inhaled 
in one foot the amount of — 

•19426 grammes x 30=6*8278 in 30 feet. 

Or in grains 

89*9146 in 30 feet. 

We cannot expect that a man will inhale so much, but 
it is at times possible, and to this fully he is at least liable 
to bo exposed during a part of the day. A full dose of gun- 
powder smoke exists in the air only a portion of the time. 

A few drawings are given of the substances found 
in air, as they were found attached to the sides of the 
tubes. An investigation into the small bodies attached 
to surfaces offers to give much that is new. In this case 
it is not intended to go into details. The result of the 
general analysis of dust from the tubes has been given. 
The crystals on No. 5 must, however, be mentioned 
separately. They were found even on tubes perfectly 
fresh from the glass-blower’s; and always at the ends. 
The action of the heat on the glass has produced some 
changes, diminishing perhaps its soda ; and at any rate 
either causing an efflorescence or a general deterioration. 
As a rule the greater number of all the crystals was 
found near the extremities of the tubes ; I suppose these 
places were quieter and less exposed to currents which 
would exist even in the small space contained in a tube. 
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Dmt and Crystals collected from the Air of Mims. 

No. 1. — Dust collected on the sides of a tube after gun- 
powder had been exploded in it. 

No. 2. — Dust collected from the air of the lead chamber 
after explosion of gunpowder in it. 

No. 3. — Specimen of an unusually large piece of salt- 
petre found in the air after explosion. 

No. 4. — Dust collected on all objects in the chamber 
after an explosion of gunpowder. 

No. 5. — Figures at the end of the glass tubes after much 
heating. 

No. 6. — Figures on the tubes along with crystals from 
the air of a mine after an explosion of gun- 
powder. V V Barberry. 

No. 7. — From H H H Dufton (Silverlead), Yorkshire. 
No. 8. — N N Arkcndale, Fregill, No 2, immediately 
after an explosion. 

No. 9. — V V Barberry, after an explosion. 

No. 10 . — Y V Barberry, after explosion. 

No. 11.— 28 D 28. 

No. 12 South Francis Mine, 11th September, 1862, 

1,140 feet. 

No. 13. — South Francis Mine at surface, 9th September, 
1862. 

No. 14. — South Francis Mine, 1,140 feet, 10th September, 
1862. 

No. 15. — T T Bunting. 

As examples 1, 5, 7, and 10 are copied from the origi- 
nal papers. 

No. 1 gunpowder specimen. This was taken by draw- 
ing the air as usual into a tube and sealing it When 
examined by the microscope, and even by the naked eye, 
crystals of saltpetre were distinctly seen. There was 
clear matter like a crystallised salt, but with no regular 
form, and in conjunction with black spots. The tube, 
which before was clear, had a fine dust over it, distinctlv 

7 ^ V 
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showing that even the formless matter observed was 
brought into the tubes at the time of the explosion. 

When examined more nafrowly (and such results 
compoi us to this fuller examination) we find that the 
diminution of oxygen in the air of a mine has no exact 
connexion with the solids contained in the air. Although 
both must frequently be found together, they are inde- 
pendent defects. For example, it happens that men 
work long in boring holes for blasts, but making no blast 
until several are ready. In this case the air deteriorates, 
but there can be no powder crystals. Next it happens 
that the powder smoke rolls out upon the purest air of 
the mine ; it does not necessarily carry a diminished 
amount of oxygen along with it. The solid particles 
separate from the gaseous. In reality there must be 
cases where an explosion will purify a portion of the 
atmosphere, whilst it deteriorates another, and be the 
most violent agent for evil in the air of mines. For ex- 
ample, it will drive out air from a level at a long distance 
from the explosion, and other air will enter as the heated 
gas cools. To some extent this will be of service, but it 
is one of those things which serve to complicate the con- 
ditions to be considered. 

In a recess of small extent, an explosion will drive out 
all the existing air, substituting air with powder smoke 
in it from another place. This being very different 
from the atmosphere, will rapidly change by its own 
action, and fresh air will come in. This increased rate 
of change would go on no further than the point of im- 
purity in the air before the explosion ; but the organic 
matter and the excessive moisture would be removed. If 
the carbonic acid were washed out there would be a very 
fair purification, although not a perfect one. When the 
cavity is long the same result -will not take place. The 
impure air of the end will be driven forward, it is true, 
but after the explosion most of it will come back mixed. 
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There will be various modifications of the constitution of 
the air, and there will be a very gradual entrance of 
purer air. If in this case the carbonic acid and solid 
matter were washed out there might remain a deficiency 
of oxygen, an atmosphere not desirable to breathe. It 
is interesting to know if this deficiency of oxygen along 
• with piuity in other respects would be perceptible, allow- 
ing that it did not go beyond one per cent, or perhaps 
two. This was determined by an experiment in the lead 
chamber to be spoken of. Meantime it may be said that 
the air will certainly be better without the cnrbonic acid 
and sohd matter than with it, so that something at least 
would be gained. This leads to an enquiry as to the 
advantage of washing the air. 

It is not my intention to say much on the effects of 
breathing so much solid matter. To judge from my own 
experience, it must be very hurtful. I must leave medical 
men to describe the effects, but will here remark that 
twelve hours after breathing powder smoke to an un- 
pleasant amount, phlegm with taste of nitre appeared 
after a slight cough, entirely different from all previous 
experience. 


K 
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AIR OF CONFINED PLACES. 

Enquiry for the Mines Commission — continued. 

The Lead Chamber. 

It was found necessary to enquire into the state of the 
air after it had been rendered impure by candles alone, 
as well as by breathing alone, and by gunpowder. Be- 
sides the bulky impurities, there were the small amounts 
of organic substances from tallow, from tobacco, from the 
human skin and from putrefaction ; all these mingled in 
such a manner as to defy separation, but nevertheless were 
present, causing unrnistakeable unple^xsantness, and in 
some instances a positive feeling of disgust, even when a 
small portion only of a cubic inch of the air Avas inhaled. 

In order to obtain some idea of the effect of the prin- 
cipal agents separately, it was necessary to make the ex- 
periments not in the mine but in the laboratory. When 
examined before the Commission I mentioned my inten- 
tion of making experiments in a close chamber, of which I 
expected to have received the use for a short time, but when 
it was considered that experiments of the kind alluded to 
can never be performed by a stroke, that they are in reality 
never really finished, but at best are only made less and 
less unsatisfactory, according to the frequency of repeti- 
tion, it seemed essential that a close room should be pro- 
cured to be at hand for ready use. Accordingly a chamber 
was made of lead, 6 feet long, nearly 4 feet unequally 
broad, and 8 feet high, the cubic contents about 170 feet 
— it is unnecessary to describe the irregularities of the 
shape, partly caused by the door, the windows, and the 
position. The whole lead of this chamber was made into 
one piece by having ‘the edges melted together by tlie 
hydrogen blowpipe, as is now done in making chambers 
for sulphuric acid. As it was important that no one 
should be left in the place without having the power of 
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escape, it was determined that there should be sufficiently 
large windows which in any emergency could be broken 
through ; were it otherwise, the mere idea of being con- 
fined and at the mercy of the treacherous memary of 


Fig. 3. 







Lead Chamber, iisiwl for experiment 
K ‘J 
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made of glass, chiefly looking to the window, sufficiently 
large, of the apartment in which this chamber was placed. 
This apartment had been a scullery, and had a strong 
floor sufficient to bear the weight of the lead, whi(»h was 
considerable. The room was lighted so well that experi- 
ments could be made in it readily, and in addition to 
the windows at the end, another large pane of glass was 
put into the door, so that at each end any one could be 
seen, and his wants instantly attended to. 

The door was of lead except where of glass, and was 
hung on heavy pivots ; strong bars crossed it, projecting 
over the sides. In these projections there were holes 
through which iron pins on the lintels passed when the 
door was shut. These pins had screws upon them, and 
large nuts were used to bolt them down. The door by 
itself did not fit very closely; it was made so in order 
to leave room for a tube of vulcanised caoutchouc, which 
surrounded the lintels ; against this the door was pressed 
by the force of the screws, of which there were three. 
This arrangement suited exceeding well from begmning 
to end, and no change of the plan was necessary. 

It was not needful that the chamber should be able to 
sustain a great pressure of air. All the experiments 
were to be made in a short time, and if minute crevices 
did exist through which a small amount of air might be 
pressed, it would not be of consequence, as that process 
would require much time to affect the air of the whole 
chamber. When the chamber air was analysed on Satur- 
day, and again on Monday, the difference was not per- 
ceived. As there was nearly two per cent, of carbonic 
acid in it at the time, this will be considered proof of 
abundant accuracy in the workmanship. In some cases 
a specimen of air was drawn out for analysis. In order 
to obtain this from above and below, holes were bored 
in the jnllar between the two panes at the end ; these 
holes went through the lead also, and generally contained 
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glass tubes, which were stopped by having caoutchouc 
tabes fixed on them, which tubes again were closed by 
ghtt rods. These holes were the weak points of the 
idbember with respect to air-tightness ; when powder was 
fired a slight whistling sound was heard, which showed 
that the joinings would not stand much pressure. It was 
not easy to keep the joining of the lead and wood com- 
plete, as the tubes on being moved caused a disturbance 
of the luting. 

In this room was a small table and a chair, and when 
these and one person were present there were 170 cubic 
feet of air. Of course this cannot be given to a few 
inches, and even if it were a foot wrong, which is far 
from the case, the residt would not change the analyses 
to any important extent. For example, when there are 
two per cent, of carbonic acid with 170 feet, there are 
altogether 3 '4 cubic feet of carbonic acid, and if there 
are 171 feet there are 3‘42 of carbonic acid ; per cent, 
will be 0‘850 in one case and 0 855 in the other. Some- 
times ’there was a person in the chamber, sometimes not ; 
this would make a difference of above two cubic feet ; 
even one cubic foot would require to be accounted for if 
tfttal quantities were measured, but the e-xperiments as con- 
ducted are little liable to be disturbed by this cause. 
This would not be the case with all experiments. 

Bad Air and the Sensations. 

Here I am describing feelings, and to some persons 
they may simply be fancies, but 1 shall describe them 
nevertheless, as I believe man has learnt nearly all he 
knows of ventilation by attention to these feelings, whilst 
chemical analysis is attempting to struggle after him, and 
is continually finding itself behind in the race. The 
feelings are uncertain, it is said. This is not quite correct ; 
they are to us most certain ; but they register so many 
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phenomena at once that they become uncertain guides 
when one only is sought after. For example, we may 
imagine that they tell of iribreased carbonic acid, whereas 
they may simply be telling us of diminished digestiqp a,nd 
vigour. As to personal qualifications for such experi- 
ments, I may merely say that I am not peculiarly sensitive 
to bad air ; many of my friends are more so ; but having 
my mind more directed to the subject I obtain a certain 
advantage. Perhaps my love of fresh air is beyond the 
average, as I have an actual pleasure in east wind. If 
these two conditions are contradictory it certainly is not 
my fault ; but they are not so ; experiments in the lead 
chamber showed that even when nothing unpleasant was 
perceived, the pleasure of coming out to the air of the 
laboratory was like that which we have on the sea-shore 
or the mountains, so that the love of pure air is not in 
exact proportion to our incapacity to endure bad air. 
Again, I may say that all my fancies lead me to imagine 
I can bear anything that others can in the way of air, and 
although this “may not be true, it entirely kept aA^ay all 
imaginings of evil during these experiments, and led me 
to points where actual and long-continued discomfort was 
tlie result. I think it important to mention this entire 
freedom from any illness or tendency to illness caused by 
the imagination. 

The first trial of the chamber was made by simply 
sitting down for an hour and forty minutes. This pro- 
duces about one per cent, of carbonic acid. The day 
was clear and the air pleasant ; the temperature 45“ F. 
No difference was, to a certainty, perceptible for twenty- 
five minutes. Then when the air was drawn from the 
top by means of an umbrella, it seemed like a soft wind, 
and had to some extent a pleasant feeling, but was entirely 
devoid of a faculty of cheering. 

A dull, cheerless air is well known. Here we had it 
produced at once. The air was very moist, and deposited 
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water when drawn out through a tube on taking a 
specimen. 

After an hour the unpleasant smell of organic matter, 
such as is so well, known in a crowded school, was per- 
ceptible on stepping rapidly from one end to the other 
or on moving the air rapidly. Here we learn that when 
a current of air blows on us, the chemical actions accu- 
mulate, and although if continued for one instant only 
they may be imperceptible, if repeated for many they 
culminate in a sensation. A sensation, such as smell or 
taste, is evidently the result of a chemical action. This 
may be infinitesimally small ; in that case the mind does 
not take cognizance of it; but if many of these small 
actions occur, either all at once, or so rapidly one after 
another that they cannot be separated, the mind observes 
them, and a sensation is the result. How many atoms or 
molecules must be moved to cause a sensation it is not 
possible for us to tell, but we can very readily tell that 
for some persons one, two, or twenty times more must be 
moved than for others. These chemical actions are con- 
stantly going on in the body. They may take ten years 
to gather impetus to make their movements strong 
enough to produce sensations, and disease may be gene- 
rated unknown to the individual, although it may kill 
him in the eleventh year. But if the chemical action 
began at the first so violently as to produce decided sensa- 
tions, he might be able to avoid it at once before it pro- 
duced any abiding impression. For this reason, a bad 
climate is more dangerous than the fumes of vitriol, when 
we are at all able to move out of the way. Concerning 
the climate, we reason from very distant premises fre- 
quently, as no smell is perceived, but the vitriol explains 
its character at once, and tells its intentions. 

Exactly in the same category as the bad climate are all 
places in which the air is inferior, without containing any 
peculiarity which the senses can detect. Now although 
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the mine air is all or nearly all such that the senses could 
perceive it at once, if we were introduced into it at once, 
we enter so gradually that we are scarcely conscious of 
the increasing deterioration. As it takes a long tiime to 
enter, and a long time to come out, we are incapable of 
comparing the air of mines by the use of our senses in 
the same way that we can compare the air of any place 
above ground, out of which we can come suddenly. This 
being the case, we are obliged to pay more attention to 
those phenomena that are only perceptible to the senses in 
their results after years, and also to chemical experiment, 
which two methods after all must turn out our most cer- 
tain guides. 

It was very decidedly perceived, after remaining an 
hour, that the air was soft when made to move in this 
chamber. This arose from the moisture, and shows us 
at least that a soft air may be a very impure one. Soft 
air, air with a good deal of vapour, is very soothing ; it 
calms the mind and the body and the burning of a candle 
or a fire. In this state it cannot be very cold,’ as the 
warmth is essential to the existence of the vapour. This 
air has a tendency to leave the skin and its action un- 
changed ; it causes little evaporation, and perhaps an in- 
fluence is due to this, that the amount of oxygen intro- 
duced into the lungs is diminished, whilst no injurious 
ingredient is added. I think I hear the question. Will 
not the air in the lungs decide for itself at once how 
much vapour there shall be, as there is such an abun- 
dant moist surface ? The entrance to the lungs, that is, 
the nostrils and the mouth, feel the moisture with great 
clearness, and when the air is dry they are dried up. 
But the lungs seem to feel it also, and it seems a very 
common thing to know the difference in the respiration. 
Dry air stimulates the skin, because it removes moisture, 
and the skin must set to work to renew it. Dry air, 
therefore, would in this respect be in its first action cheer- 
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ing, and in its last irritating. Moist air would from this 
point of view be calming in its action, and often at once 
calming to languor, probably 'preservative of the vital 
powerq which are not frittered away by constant irrita- 
tions. I speak only as a chemist. 

After staying in the chamber for 100 minutes, the air 
had an unpleasant flavour or smell, and I came out; 
three persons entered at once and pronounced it very 
bad ; I entered after a minute and found it extremely 
bad. It seemed to me, however, that we are frequently 
exposed to air equally bad, although I have not found any 
in daily life so much deprived of its oxygen as tliis must 
have been, reduced, that is, to twenty per cent. 

I was extremely glad of the escape from this impure 
air; this gladness not arising from any previous dis- 
comfort. I was not uncomfortable. I chose that time of 
coming out, as it was the moment when the organic 
matter was most distinctly perceptible ; still to perceive 
it when quiet required attention. The pleasure on com- 
ing oxrt was one wholly unexpected; although I now 
recognise it as exactly that which one has when walking 
home on a fine evening after leaving a room which has 
been crowded — it was the reassertion of the rights of 
oxidation ; the blood was evidently in active change de- 
sirous to take up a position that was lost, else why was 
this feeling of unusual delight in the mere act of breath- 
ing, which feeling continued for four hours ? Dinner 
seems to have first removed it. Prom the long time re- 
quired to bring the functions of breathing to their former 
state, we may of course argue that they had been much 
disturbed. If to this it is replied, that after all it was 
merely the memory of the chamber still remaining, it 
may be said that if the mind is fixed upon the subject, 
such a memory may exist, without, as far as we know, 
any equal corresponding prior afiection of the body; 
but if the condition be unexpected and unthought of, the 
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result seems to indicate distinct chemical or physiological 
action. In about four hours the lungs recovered their 
tone. By the tone is meant their unconscious working. 
Food seemed to be more than usually required, and was 
followed with unusual rapidity by the feeling of refresh- 
ment. Now as there was no unusual bodily exertion, 
the demand could not arise from an unusual wear of 
the ^stem, and indeed the peculiar feeling was rather a 
need of support than actual hunger demanding food. 
We cannot suppose that much wear and tear was going 
on. We seem left to suppose only that the decom- 
positions which are needful to repair the body had 
not been made, although material was present, and 
that it took four hours and dinner to make up lost time. 
Although oxygen does not directly repair, it takes the 
initiative in any imion of labour for the purpose. 

The second stay in the chamber, the day after the 
above, was continued for 160 minutes. At two hours 
and twenty minutes it was observed that very long 
inspirations became frequent and more agreeable than 
usual. The air about that time gave a very decided 
feeling of closeness. Standing on a chair it was found 
less agreeable than below. The amount of oxygen was 
found to be 19*61. 

Immediately on opening the door two or three persons 
entered, and again perceived how uncomfortable it was. 

After the experiment on the combustion of candles 
(Tables 3 and 4), we entered with candles and a spirit 
lamp. The lights were soon extinguished, and it was 
found impossible to rekindle them with matches : wooden 
matches were used, they refused to ignite. Still we 
breathed without difficulty at first, but a gradual feeling 
of discomfort appeared of a kind which is not easily 
described ; it was restlessness and anxiety without pain, 
whilst the breathing increased in rapidity. 

Afterwards gas was lighted, and it burned with brilliancy. 
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On entenng aO;er the gas had gone out candles were ex- 
tinguished as rapidly and completely as if they had been 
thrust into water; neverthele^ we still breathed, and 
although every one was anxious to go out, no very 
correct description of the feelings could be given, I 
stood on a chair, and then a feeling of incipient fainting 
began; but the senses were not annoyed by anything 
beyond a feeling of closeness, by no means so unpleasant 
as a school-room or close end. This is a very important 
fact, as it points again to the organic matter, of which 
there was little here, and of which there is much in the 
school-room. The lungs seemed to refuse expansion, 
without the senses being able to indicate a reason. The 
actual amount of oxygen when the gas went out is not 
known ; but a specimen taken from the room after the 
door had been opened long enough to allow three persons 
to enter contained 17*45 per cent. 

All these experiments tend to diminish our faith in the 
senses as guides, under certain condition?. The senses 
are quite unable to measure degrees of closeness and raise 
as much alarm at a state which may be represented by 0*1 
per cent, of carbonic acid, as they sometimes do when 
there is nearly 4 per cent, with a diminishing pulse and a 
quickening respiration, or incipient gasping for breath. 

After a while the air really becomes by no means 
proportionately worse to the feelings, but the approach of 
fainting in the case mentioned showed that the lack of 
oxygen or presence of carbonic acid was telling on the 
moving vital act. 

It is proved that badly ventilated rooms containing 
less than 20*7 per cent, of oxygen are veiy unwhole- 
some. The present enquiry is believed to establish this 
point without affirming that tlie oxygen is much more 
than the index ; and the late sanitary movements have 
really been operating on such a condition of things, how- 
ever unexpressed. I say this because such an amount 
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of oxygen represents what would be bad ventilation in 
the worst workshops. Now there is a faintness produced 
when the oxygen is at 17^4, but is there a corresponding 
injury when the numbers range between these ? .and if 
a man lives where a candle will not, is it a proof that he 
is little affected? 

It is not possible to obtain exact results with the 
human being at all these varying stages without going 
into the region of statistics, and the argument may be 
considered by some as dependent on that wider range of 
facts ; but for most pejsons it will appear clear that if 
the loss of 0'2 of oxygen and its replacement by 0'2 of 
carbonic acid, be found to make the air disagreeable 
and injurious to the extent which is attributed by over- 
whelming evidence to bad ventilation, double the loss of 
oxygen and double the carbonic acid will produce still 
worse consequences. The senses begin the argument, 
but it takes months or years to show the bad effects of 
that air which they dislike. At the other extremity the 
vital powers give way, and between these two we must 
have a gradation of effect. 

We cannot and dare not experiment on human beings 
beyond near limits ; but one experiment made with t'.?o 
per cent, of carbonic acid without intention shows that 
the amount which persons can bear differs with the 
strength. A young lady was anxious to be in the 
chamber when the candles went out. She was extremely 
fond of pure air, but when she entered was not much 
struck by the impurity of that in the chamber, although 
the candles were threatening to go out, so that there 
could not be quite 19 per cent, of oxygen Fith 2-1 of car- 
bonic acid. No one had been breathing in it, so that the 
organic matter from the person was absent. She stood 
five minutes perfectly well and making light of the diffi- 
culty, but suddenly became white and could not come 
out without help. She was remarkably healthy, never 
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was iU, and was troubled with no fear of the air in which 
she stood. Several of the specimens of air from the 
mines had almost the same amount of oxygen as the 
air on» this occasion, and some had less. This is one of 
the gradations between 21 and 17 '4 per cent., the two 
measured extremes in which breathing was tried. 

On another occasion a still greater amoimt of carbcmic 
acid was present in the chamber, but it was not accom- 
panied with a corresponding loss of oxygen, as the gas 
was driven in upon pure air. The oxygen, therefore, 
was 20’19 with 3'84 of carbonjp acid. On this occa- 
sion Dr. Eeissig and Mr. Higgins got headaches instan- 
taneously on entering, and were unable to stay above 
seven or eight minutes. I stayed about twenty minutes, 
still felt very anxious to get out, as all my movements 
were made with great haste, and both mind and body 
betrayed symptoms of feverish activity. There was also 
a rush of blood to the head, the face was flushed, and 
the lungs acted more rapidly than usual, the inspirations 
being 26, whilst the average of waking hours is as nearly 
as possible 20. Similar feelings, but not to quite so great 
an extent, were observed when the experiment on table 7 
was made, carbonic acid being then also poured into 
the chamber. On that occasion only do I think that 
the sensations could in any way be heightened by the 
imagination. At that time I had not the slightest ex- 
perience of carbonic acid, and it was pouring rapidly 
into the room, requiring some time to mix it. I had no 
certainty that the results might not be very bad, and the 
interest might have been mixed with a little anxiety not 
to go too far with the experiment. In the case more 
fully described above there was not that feeling ; I knew 
the circumstances, and was satisfied that the condition 
of body and mind was caused entirely by physical agents, 
not by the imagination. There was a burning haste to 
live, as if life were afraid of being put out. 
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Sense of Smell — Sensitiveness towards Muriatic Acid, 

Muriatic Acid was evaporated ill a closed space, and observations taken until the 
senses could perceive it. 



Muriatic 

acid. 

Acid. 

Vol. in the 

Acid. 

Amount in 1 vol. 



chamber. 

of inspired air. 


1 

•1036 grms. 
1*6 grs. 

•00128 

. 

No smell. 

2 

•1625 grms. 
2*500 grs. 

•00202 

*0000086 grms. 1 
•0001328 grs. f 

Slight smell. 

3 

•2157 grms. 
3*33 grs. 

•00269 

•0000114 grms. i 
•000176 grs. / 

Distinct smell. 

4 

•25 grms. 
3*86 grs. 

•0031 

•0000133 grms. 1 
•000205 grs. J 

Strong smell. 


For sensitive persons probably two of muriatic acid in 
100,000 would be a strong smell, and perhaps even one 
in 100,000, but three may be taken as distinct for aU 
persons. 

Here with 262 cubic cent, or 16 cubic inches of in- 
spiration we perceive the smell strongly when 0-0031 
per cent, is present. 

A silver solution required 1,000 cubic cent, - or 61 
inches of this air to show a cloudiness. But in reality 
we can smell the acid with at least four cubic inches of 
inspiration, or 65 cubic cent. The accuracy of smell, as 
compared with this method of using the silver test is as 
4 to 61 inches, or 262 divided by 4=65 to 1,000 cubic 
centimetres ; in other words, one sniff of the acid is equal 
to a careful experiment with a litre bottle of 61 cubic 
inches. We must remember, however, that although 
the smell seems thoroughly to keep the ascendancy over 
the chemical experiment, the latter may in its turn 
entirely overcome the smell, viz. when we nse a great 
excess of the air to be examined. We cannot accumu- 
late sensations so very readily, although it is no doubt 
true that we can to some extent. For example, a sub- 
stance may not be offensive at first, but by repetition 
of the attack on the senses it may become extremely so. 
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EXPERIMENTS IN THE LEAD CHAMBER. 


Table No. 1. — Experiment to ascertain the General Effects on the 
• Feelings and on a Candle. — January 26, 1864, 


Time. 

Temp, of Floor. 
Fahr. 

Temp, of Table level. 

C. Fahr. 

Temp, of Top. 

h. 

m. 





12 

45 

52-5 

10*3 

60*64 

62-6 

After 

10 

63-26 

12*2 

63*96 

64-6 


20 

63-8 

12*4 

64*8 

66 

» 

30 

64 7 

13*2 

65*7 

66*25 

)) 

40 

64*9 

13-4 

66*1 

66*7 

)) 

60 

66-2 

13*78 

66*8 

66-9 

)) 

60 

66-5 

13-9 

67*05 

66*26 



Carbonic acid 

•88 




Oxygen 

. 

20*64 



70 

65-6 

14 

67*2 

66*4 

fj 

80 

66-7 

1406 

67*29 

66*49 


90 

66*76 

14*1 

67*47 

66*6 


100 

66 

14 

67*2 

66*6 

ff 

110 

66-8 

14 

67*2 

66*6 

,, 

130 

6e-2 

14*2 

67*66 

66*8 

9f 

140 

66*3 

142 

67*66 

67 



Carbonic acid 

1*130 




Oxygen 

• 

19*73 




It seemed pleasant here to take long breaths. 

99 

150 

666 

14*25 

67-66 

572 



Begins to feel decidedly close. 


99 

165 

66*5 

14 

67*2 1 

67 



Carbonic acid 

1*26 




Oxygen 

. 

19*61 



Table No. 2. — Four Miner* s Candles in the Lead Chamber, 
No person inside.—January 27, 1864. 


Time. 

Below. 

Temp. Temp. 

Cent. Fahr. 

At Table. 
Temp. Temp. 

Cent. Fahr. 

Above. 

Temp. Temp. 

Cent. Fahr. 

h. m. 

1 60 

After 10 
„ 20 

99 ^ 

63*6 

Outside 63 

12 — 

12*7 — 

13*6 — 

Windows din 

10*4 — 

— 69 

— 63*6 

— 66*26 

1 with moisture ; di 
the thennometer. 

— 61*7 

— 69*6 

[fRcult to read 
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Table No. 2 — continued. 


Time. 


m. 

After 40 
„ 45 

Outside 


Below. 

At Table. 

Above. 

Temp. Temp.'* 

Temp. 

Temp. 

Temp. Temp. 

Cent. Fahr. 

Cent. 

Fahr. 

Cent. Fahr. 

m 

13-5 — 


65 


14*3 — 



65 

— 64 

— 63“ 

— 

— 

— — 

Carbonic acid 

1*78 

iTop. 


Oxygen 

19-14 j 


Carbonic acid 
Oxygen 

1-81] 
19 02 J 

i Middle. 

j 

Carbonic acid 
Oxygen 

1-38] 
19 31 J 

[ Middle. 


Carbonic acid 

2-28 1 

1 When the candles went out, 

Oxygen 

18-80 J 

which was at 7 o’clock. 


Table No. 3 — Eight Candles, one Paraffin Lamp, and one Spirit 
Lamp, — Januamj 29, 1864. 

Experiments to ascertain the differences of Candles and Lamps, and also the 
effect of difference of position of the Lights. 


Time. 

Bottom. 

Temp. Fahr. 

Middle. 

Temp. Fahr. 

Top. 

Temp. Fahr. 



Outside 60 







h. 

ra. 





12 

30 

Dry . 53 

— 

60-25 

Dry 76 



Wet . 62 

— 

— 

Wet 61 

After 

10 

Dry . 66 

— 

— 

Dry 70 



Wet . 56 

— 

66 

Wet 66-6 



Appeared already to burn 

worse. 


15 

Dry . 59 


68 

Dry 73 



Wet . 67 

— 

— 

Wet 69 



Carbonic acid 

1-131 

1 Windows dim. 



Oxygen 

19-87 

^ Three caudles, inclined, 




. 

burnt badly. 

ff 

60 

The candle nearest the roof went out. 



Carbonic acid 

2-27] 





Oxygen 

18 50 1 



f) 

58 

Nearly at the same time a candle at the window as 



high as one 

on the table ; one 

on the floor near 



the side ; one on the corner of the table, near the 



chair, and window candles and one on the oppo- 



site corner went out. 



tf 

76 

Another on the table 


went out. 

f> 

90 

One on the chair 


ft ft 

ff 

93 

One on the floor 

. 


If 

08 

Paraffin lamp 



ft ft 



Carbonic acid 

2-32 

I 




Oxygen 

18-48 

r 


ft 

150 

The spirit lamp 


ft ft 



Carbonic acid 

2-45 





Oxygen 

18-40 J 



• 


L 
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HEAT IN CLOSE PLACES. 

The heat of a mine is very' often increased above that 
of tlys ground in which the mine exists. The effects are 
greater than the theory of internal heat will explain. 
This has been supposed to arise from the oxidation of 
pyrites ; and miners generally testify to the greater 
warmth of such spots as contain sulphur compounds, 
which are readily oxidizable. It is of interest, and per- 
haps of use, to know how much of this depends on the 
men and the candles ; and a few experiments were tried 
in the lead chamber. The results are not in reah’ty of 
much value in themselves, although they may lead to 
other ideas and enquiries. This part was very incom- 
plete. 

The experiments were made by simply remaining 
in the chamber and observing the temperature, or by 
placing a paraffin candle in the chamber and observing, 
and by both together. 

The amount of heat can be better calculated when a 
paraffin candle is used. Messrs. Field, of Lambeth, 
were good enough to make into candles some of the 
purest paraffin obtained from my friend Mr. Young. It 
was taken as containing 20 atoms of hydrogen and 20 of 
carbon. Of this 7'75 grammes burnt in an hour=6'85 
carbon and ‘9 hydrogen : — 

One of carbon burning into carbonic acid will give 
8,080 units of heat, or will raise 8,080 of water one 
degree C. 

One of hydrogen heats 34,462 of water. 

6 85 X 8,080 units of heat .... 55,348 
•9 X 34,402 „ 31,015 

Grammes of water heated a deg. C. . . . 86,363 

Or the air in the chamber 150 ^ cubic feet, raised 65*8® C. 

Or 118-4® F. 


This has been calculated for 150 instead of 170. 
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A man burns carbon variously. It will be seen that 
(10’27 ounces) 302'4 grammes per day was the rate at 
which the carbon was burnt in some experiments men- 
tioned, or 12-6 grammes per hour (194 grains). • 

12-6 X 8,080 = 101,808 

Or tho air in the chamber 150 cubic feet heated 77‘o° C. 


Or 139 0° F. 

100 grammes of gunpowder (about 3J ounces) 

containing 13*3 sulphur, 

11*9 carbon, 

would give 13*3 x 2,221 .... 29,538 
11*9 X 8,080 .... 90,152 

Units of heat .... 125,961 

Or the air of the chamber 150 cubic feet, ’raised 95*8° Cent. 
Or 172*4° Fahr. 


If we took 100 grains, and had the same per-centage 
of sulphur and carbon, wc should have 8,138 units of 
heat. 

The actual rise of temperature in the chamber is 
shown in the following : — 


Table 17.* — One Person in the Lead Chamber. 


Time 

Temperature 

outside 

Temperature 
inside, top 

Temperature 
inside, middle 

Temperature 
inside, bottom 

m. 

Cent. 

Fahr. 

Fahr. 

Fahr. 


5-4 

45* 

44* 

43*5 

After 15 

5*4 

47* 

51* 

40-5 

30 

5*6 

48*5 

52. 

48* 

45 

56 

49- 

52*8 

48*5 

00 

5*8 

49*5 

53*5 

49*2 

75 

6* 

49*6 

53*8 

49*5 

90 

6* 

49*8 

64* 

49*5 

105 

6- 

50*2 

54*8 

50* 

120 

02 

50*5 

54*8 

50*2 


The Nos. of the original tables are given here to prevent confusion. 

L 2 
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Table 18.— One Person in the Lead Chamber. 


Time 

Temperature 

outside 

• 

Temperature 
inside, top 

Temperature 
inside, middle 

Temperature 
inside, bottom 

m. 

Cent. 

Fahr. 

Fahr. 

Fahr. 


5-9 

44*8 

49* 

44- 

After lo 

6- 

47*4 

51* 

47- 

30 

C-2 

48*5 

52*4 

48*4 

45 

0*3 

49-4 

532 

49*2 

GO 

G-4 

40*9 

53-9 

49-8 

75 

0*4 

50-5 

54*4 

50-2 

90 

6*6 

505 

54-5 

50-4 

105 

6-5 

50G 

54-9 

50*5 

120 

CG 

50*8 

55* 

50-6 


Table 19. — One Person in the Lead Chamber. 


Time 

Temperature 

outside 

Temperature 
inside, top 

Temperature 
inside, middle 

Temperature 
inside, bottom 

li. m. 

Cent. 

Fahr. 

Fahr. 

Fahr. 

2 0 

5*8 

45-5 

44*4 

44-4 

After 15 

— 

48-1 

4G-5 

47-8 

30 

— 

496 

48* 

49-4 

45 

— 

50-2 

48-9 

50- 

60 

— 

50*6 

49-2 

50-4 

75 

— 

50*8 

49-5 

50-5 

90 

— 

50-8 

49-8 

50-5 

105 

— 

51’ 

50- 

50-8 

120 

— 

51- 

50- 

50-8 

135 

— 

51* 

50- 

50-8 

150 

— 

51-2 

501 

51- 

1G5 

— 

51- 

501 

50*8 

180 

G-3 

511 

501 

50-8 



Table 20. — 

One Person in 

the Chamber, 


Time 

Temperature 

Temperature 

Temperature 

Temperature 

outside 

inside, top 

inside, bottom 

inside 


Cent. 

Fahr. 

Fahr. 

Fahr. 


55 

44-3 

43-4 


After 15 

6-7 

46-3 

40*4 


•30 

5-8 

47-9 

481 1 


45 

5*8 

48-5 

48 8 


60 

6*8 

49-3 

49-5 
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Table 21 . — One Person in the Lead Chaniber. 


Time 

Temperature 

outside 

Temperature 
inside, top 

Temperature 
inside, bottom 


m. 

Cent. 

Fahr. 

Fahr. 



4*6 

423 

41*7 


After 15 

4-6 

44-3 

44*4 


30 

4-6 

45-9 

46-2 


45 1 

4-6 

46-8 

47*1 


60 

4-7 

47-5 

47*8 j 



Table 22. — One Paraffin Light in the Lead Chamber, 


Time 

Temperature 

outside 

Temperature 
inside, top 

Temperature 
inside, middle 

Temperature 
inside, bottom 

h. m. 

Cent. 

Fahr. 

Fahr. 

Fahr. 

9 10 

5* 

43*1 

42-7 

42*2 

After 15 

5- 

45-3 

44* 

43*4 

30 

5* 

47* 

45- 

44-4 

45 

5- 

47*6 

45-8 

45- 

60 

51 

48-2 

46-3 

45*3 

75 

51 

48-5 

466 

45-7 

90 

5*2 

486 

46-9 

46- 

105 

5-3 

48-9 

471 

46*2 

120 

5-4 

49- 

47-3 

46-4 

135 

5*4 

40-2 

476 

46-5 

150 

5-5 

494 

47-6 

46-7 

1(55 

5(5 

49-5 

47-8 

! 46*8 

180 

56 

49-5 

48* 

46-9 


Table 23. — One Paraffin Light in the Lead Chamber, 


Time 

Temperature 

outside 

Temperature 
inside, top 

Temperature 
iuside, middle 

Temperature 
inside, bottom 

m. 

Cent. 

Fahr. 

Fahr. 

Fahr. 


5*9 

44-5 

43-9 

43*7 

After 15 

5'9 

471 

45-4 

44-7 

30 

6- 

48-4 

46*4 

45*5 

45 

6* 

49* 

47* 

46* 

60 

6-2 

49-5 

47-3 

46*4 

75 

62 

49-9 

47*8 

46*7 

90 

6*2 

50- 

48- 

46*9 

105 

6*2 

50- 

481 

47- 

120 

6-3 

50* 

48*2 

47*1 

135 

6-3 

501 

48-2 

47*2 

150 

j <5-3 

501 

48*3 

47*3 
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Table 24, — One Paraffin Light in the Lead Chmd^er^ and one outside. 


9 ) 

Time 

Temperature 

outside 

Temperature 
inside, top 

Temperature 
inside, middle 

Temperature 
inside, bottom 

h. m. 

Cent. 

Fiihr. 

Fahr. 

Fahr, 

10 0 

4-2 

42-5 

42- 

41-5 

After 30 

4-4 

45-6 

44- 

43-3 

45 

4-8 

46*5 

44-9 

43-8 

60 

40 

4«!) 

451 

44-2 

7o 

5- 

47*3 

45-5 

446 

90 

' 5-2 

47-5 

45*8 

44*8 , 

105 

53 

477 

1 461 1 

1 45-2 

li >0 

5-4 

48* 

46-2 

45-4 

135 

5*5 

481 

46-5 

45*5 

150 

50 

48-3 

467 

45*6 I 

165 

5:6 

48*4 

46-8 

457 

180 

56 

48-5 

46-9 

458 

105 

57 

48-6 

47- 

46‘ 

280 

57 

480 

47- 

46- 


Table 25 . — One Paraffin Light in the Lead Chamber. 


< Time 

Temperature 

inside 

Temperature 
inside, top 

Temperature 
inside, middle 

Temperature 
inside, bottom 

h. ni. 

Cent. 

Fahr. 

Fahr. 

Fahr. 

0 0 

4-5 

42- 

41-3 

40-9 

After 15 

4.4 

44*5 

43* 

42* 

30 

4.4 

46- 

44-2 

429 

45 

4.4 

407 

45* 

43*6 

60 

4-6 

47*3 

45-6 

44-3 

75 

40 

47-6 

46* 

44-5 

00 

4-8 

48- 

46-4 

44*0 

105 

5* 

48-2 

46-5 

45*2 

120 

5-2 

48*5 

460 

454 

135 

5-3 

1 48-6 

47-3 

45-6 

150 

5-4 

! 487 

1 47*4 

45-8 

105 

5-4 

i 48-8 

47-5 

46- 

180 

5-5 

49- 

47-6 

46*2 

195 

55 

40* 

47‘6 

462 

210 

5-5 

49- 

47*6 

46-2 
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The following table gives the abridged results : — 

Table 26 . — Increase of Heat cq/tsed hy a Candle in 170 cubic feet of 
Air in the Lead Chamber. 



Arerage Increase of Temperature 


In let hour 

In 2nd hour 

Total in 2 hours 

1 

3*4 

11 

4-5 

2 

4-3 

1-2 

55 

3 

37 

7 

4-4 

4 

4* 

1- 

5* 


4) 15-4 

4)4* 

4) 19-4 


3-85 R 

1* 

4-85 


2*14 C. 

•55 C. 



Mean increase in 


Mean increase in 


one hour 


two hours. 


Table 27. — Eise of Temperature caused to the 170 (4’8 cubic metres) 
cubic feet of Air in the Lead Chamber by one man during one hour. 

March 1 ....... 6’10 

„ 3 6-67 

„ 4 627 

„ 8 6-66 

„ 9 605 

6)28-20 

Mean increase in one hour . , . 6-64 = S-13 0. 

Tliese being the only experiments I know of the kind, 
they may be found useful if compared with candles of 
different kinds and wdth gas. In order to make the 
table I shall use the results obtained by Dr. Frankland, 
showing the amount of heat given out by several sources 
of light. He begins with tallow, which, being 100*, wax 
and spermaceti, are 82 ; sperm oil (Caral’s lamp), 63 ; 
London gases : City, Great Central, Imperial, and Char- 
tered, 47 ; Western, 22 ; Manchester gas, 32 — supposing 
the same amount of light to be given by each at the time. 

Taking the amoimt obtained for a man and paraffin 
candle, and measuring the above with them, we have — 
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A man . 

. 100, represented in the lead chamber by 

Tallow . 

. 80 

8*13® C,, or 6*64 F. in an hour (it 

Paraffin . 

. 68 

contained 170 cubic feet, or 4*8 

Wax *1 


culnc metres). Paraffin burning 

Spermaceti J 

• OO IJ 

7*76 grammes per hour ; the others 

Sperfa oil (Carol’s lamp) . 50*4 

burning so as to give the same 

London gases : 


amount of light. — Men of course 

„ City 


differ greatly. 

„ Great Central 

• 37-G 


„ Imperial 



„ Chartered 



Western 

. 17G 


Manchester . 

. 25G 



A room 20 feet long, 16 wide, and 11 high, or 3,520 
cubic feet (100 cubic metres would be 3,531 ‘6) would be 
raised in temperature '27 degrees F. by a man in an 
hour, if the law of increase were the same as in the lead 
chamber, but we could not expect it to be the same. 
One is air-tight, the other is more or less open to 
draughts. Again, the lead conducts rapidly, the plastered 
walls slowly. Such a room as is last spoken of would be 
heated, at the rate in the lead chamber, 5‘4 degrees F. 
by twenty men, and 3‘72 degrees F. (2'07 C.) by twenty 
candles, or about 1'8 degrees F. (!• C.) by gas equal to 
twenty candles. 

. But twenty people would not heat it up merely twenty 
times more than one ; the greater the number the more 
is the heat retained. Besides, the candles and people are 
not so high as the gas is u,suaUy placed, and the heat 
being above, the warm air comes down when gas is used, 
and our heads are least able to bear it. A uniform 
diffusion does not take place. 

Twenty men and twenty candles would raise the room 
9T2 F., 5-07 degrees C., at the lead chamber rate, but 
much more in reality, beginning at the ordinary tempera- 
ture. The difference of heat at the beginning causes a 
differencO in the rate of course as well as the amount 
outside. The action is tlierefore very complicated. 
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Heat caused by Gunpowder. 


First 

•) 


Kise 

Temperature to begin . . 

roof 43*7 F. 

floor 43*6 F. 


(8 grammes gunpowder 

burnt) 

After 13 minutes . . . 

47-3 

47-3 


Total heat 

. 

. 

3.7° 


We may feel surprise at the enormous amount of heat 
passing from candles, fires, and animals, as shown in the 
calculations, and wonder how it is so rapidly removed 
as appears by the experiments. The surface of the lead 
was very large, and we can readily understand the mode 
by which the heat was conducted. The amount of heat 
given out by a man is not accounted for by the amount 
of carbon burnt. The estimation of the carbon was not 
made at the same time with the observation of the heat. 
Still, I found the carbonic acid very constant, as it was 
always made immediately after a meal, and it will be 
found to stand high, although not at the highest point. 
The amount of carbon not being able to produce all the 
heat found, we must have recourse to hydrogen burnt in 
the body for the production of the remainder; and .it 
may be worth enquiring whether this method of working 
may not produce results of importance to medical men. 
Some men will burn less carbon and more hydrogen, as 
some men eat less starch and more fat ; and the capacities 
for food, and the quality of the decomposition, may in 
this be observed, not forgetting also the actual test of the 
power of producing warmth. 

I afterwards found in some experiments that the man 
gave as nearly as possible double the amoimt of carbonic 
acid given by a sperm or paraffin candle. A man pro- 
duced in an hour ‘6 of that gas to 100 feet of air, a 
candle ‘31. The minera’ canoes produced more, as is 
believed, but this was not estimated. 
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On the effect of heat I have little to observe. We 
all know how it relaxes the exertions of body and of 
mind, espedally when moistufe at the same time satu- 
rates ,the air. Dr. Edward Smith has explained this 
clearly, by showing that a rise of temperature at once 
diminishes the amount of carbonic acid formed. The 
rate of life is arrested, but apparently also the functions 
of life. When life is allowed to move more rapidly by 
a lowering of temperature, the rate of living may not be 
more increased, as the repair seems to depend as directly 
on the oxidation as the waste depends. 

There is at a certain temperature a very decided 
change in the body. This change is marked on all 
thermometers at 55® F., 12-7 C., as temperate. Above 
that we require little artificial warmth, and a little 
exercise supplies sufficient for most persons. On making 
experiments on putrefaction, the temperature of 54° was 
observed to be a marked one, or, perhaps, it ought to be 
55°, as it was only obtained by many approximate ob- 
servations, and was not definite. It was supposed that 
the oxidation was facilitated by the temperature. When 
colder it is probable that the conducting power is too 
great for the amount of heat developed, and action is 
arrested. The same may be the case with man : below 
55° the conductmg power of his own person is too great 
to enable him to keep up his warmth, and he must 
therefore increase his combustion by exercise, or obtain 
heat by other methods. Above that point the heat 
is not required, and the oxidation diminishes. In the 
case of putrefying blood the disruption increases above 
55° in a very marked degree; but it is probable that 
both depend on the same fundamental fact or facts. 

At any rate, the point in question is one to be noted, 
and it is extremely probable that labour will be dimi- 
nished as the heat rises above that temperature. There 
is a difficulty in the analogy, as the temperature of man 

BAt Tlnwered to that of the external air. 
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The use of the lead chamber leads to a new mode of 
finding the amount of h^t given out by man ; here it is 
done in a way that is merely incipient. We are obliged 
to judge of the amount of heat after the great amount is 
actually lost. The chamber might be made with sides less 
capable of conducting, and a more exact result found. 

I was led to consider one of the effects of heat when 
working on the gases of putrefaction. It was then per- 
fectly clear that the putrefaction proceeded exactly as 
the temperature rose, not ceasing at a little above 130®, 
perhaps approaching nearly 140®, — which marks another 
point in organic substances of importance, as being that 
at which albumen coagulates. At any rate, according 
as the temperature rises within any limits natural to this 
country, the necessity for ventilation is felt. The organic 
matter becomes especially annoying, even with a small 
increase of carbonic acid. The heat expands it. The 
substances that annoy us are often volatile, and we may 
suppose that they begin to decompose in the air when 
the temperature rises. Indeed, it is scarcely a supposi- 
tion ; it is a fact that after a time they become entirely 
changed, whether they be organic or inorganic. Sulphu- 
retted hydrogen becomes oxidized, and the unpleasjfut 
odours in the mining galleries become the smell of apples. 
In a house, the organic odours, if shut up, become mouldy 
or putrefactive according to circumstances ; but if the 
last, they are more rapidly remedied by abundance of 
air, which oxidizes and washes them away. At a low 
temperature they will lie unaltered on every substance, 
and start out again when they are warmed. This action 
is more distinctly seen when the quantities of oxidizing 
matter are large ; then the eye can perceive the amount 
daily diminishing until it' is all carried away. 

If this result be caused by the action of warmth it is 
not right to demand as much air for ventilation in a cold 
day as in a warm ; it is not right to break the windows 
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i)f patients in winter, and to tell them that fresh air is 
better than heat. The chemical action, and with it the 
feelings, demand warmth first above all things. It is the 
very first demand, as no function can go on without it. 
You may live hours, days, or years in badly ventilated 
places with more or less discomfort and danger ; but a 
draught of cold air may kill like a sword, almost instantly. 
In the railway carriage as well as in the house, the 
great instinct of man is first to be warm enough ; and he 
is quite right. Such a universal instinct must not be 
sneered at ; and even if it had no good scientific founda- 
tion it must be considered as a power strong enough to 
stand on account of the number of its supporters. 

Whatever it be that causes organic substances to be 
unpleasant, it is very much connected with the lungs, 
as the body may bear much heat if the mouth only 
has the advantage of a good current of air. Certainly, 
this points strongly to want of oxidation and diminished 
strength on that account. Again, if these minute sub- 
stances are oxidizing, they will to a slight extent be 
candidates for the oxygen of the air that the blood is 
seeking, and act just as sulphuretted hydrogen would act. 
Moreover, they are taken up more rapidly than mere 
gases would be, as we know from the capacity they have 
of remaining so as to make a room unpleasant long after 
the air has been changed ; that is, if time has been given 
them to settle. This is peculiarly to be observed in some 
churches, and so far it is true that you may know for 
some time, and at some feet distant by the smell of the 
clothes, if people have just lately come from such a 
church. This will not occur when there is warm air, or 
when the windows have been sufficiently open. A gain , 
near a great number of the working people the same 
smell is perceived as in their houses. And this great fact 
is, after all, one of the main causes of cleanliness, as it has 
produced in us a dislike which demands its removal. 
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The intense heating power of the gunpowder is to be 
remarked, and the sudden change which it produces. It 
is not easy to imagine any greater advantage to the miner 
than the removal of this evil. Analyses point to & fresh 
current on the floor, whilst a warm and less pure current 
is above. Some such thing must take place to keep the 
mines even in the condition in which they are, and 
to explain why they do not become filled with poison. 
Although gunpowder is said to have been used at Eam- 
melsberg as early as the 12th century,^ it was not used 
with great effect till very modern times. We cannot say, 
however, that its use has made the mines less fitted for 
life, as before its time it was usual to heat the rocks by 
burning wood upon them, after which the place was left 
for a day or two till the smoke became tolerable. Some 
recommend the miners to wait from Saturday to Monday, 
some from Friday. This practice is not entirely given 
up, according to accounts received, as it is found useful 
for very hard rocks. 

If gun cotton could be used of a kind which gives out 
none of the oxides of nitrogen, an advantage of the most 
pleasing kind would be gained. The solid matter, the 
crystals and carbon, would cease to trouble the miner, 
as well as the sulphur compounds that follow every 
explosion. 

Still the produetion of heat must be of advantage to 
the mine ; it makes ventilation possible. A mine without 
workers becomes filled with stagnant air. It is the prob- 
lem of miners to compel that heat which is formed so to 
warm the air as to produce a current. If the air is led 
towards the shafts this effect will be produced. There 
are two modes of doing this : one is by drawing out the 
warm and foul air directly, another is by driving in pure 
air to the men, and so forcing the foul air towards the 
shafts. 


* Eeitemeier’s Oeschichte des 
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COMBUSTION OF CANDLES IN BADLY VENTILATED 
PLACES. 

I cannot quote any experiments on the combustion of 
a candle in the conditions required, excepting those of 
Wchrle. At p. 11 he says : ^ ‘If a candle continues to 
burn (meaning thereby even with diflSculty), the amount 
of oxygen is 18 per cent. ; but if it goes out and a com- 
mon mining lamp bums, the oxygen is 16-18 per cent. ; 
but if that goes out, and an argand lamp bums, then the 
amount is under 16 ; when this goes out also it is 14. 
The light goes out sooner or later according to the dif- 
ferent substances used for burning, and the construction 
of the lamp.’ At p. 13 he says : ‘ Candles go out com- 
pletely when the amount of carbonic acid in the air is 
only 10 per cent. If it is between 5 and 8 per cent, 
they burn badly ; a small round flame hops round the 
wick and then goes out.’ 

These accounts do not quite agree, and there is some 
indefiniteness. Some time ago I made experiments on 
this subject, burning the candle in a tin vessel about two 
fe^t high on nine inches square, standing over water, an 
apparatus belonging to Dr. Holland, who suggested some 
of the trials, and was present when they were made. The 
vessel was open below and placed in water. A window in 
the side showed when the light burnt. The results were : 

Oxygen in the Air 
when the light wont out. 

With a common dip tallow candle . . . 16*2 to 16*2 p. c. 

Paraffin oil lamp with diminished draught . 1/5 *6 

Same lamp, very low, with a half-inch flame . 14*4 

Spirit lamp 12 

Petroleum very volatile 10-8 

In operating in the lead chamber the candles, as a 
rule, went out with the oxygen between 18 and 19. 

* Ueber die Grubenwetter. Von D, Alois Werhle, Wien, 1836. 
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These results seem more decidedly in contradiction 
than those of Dr. Wehrle, but the cause will appear. It 
was found in the lead hoifte that before the candle went 
out the tallow around the wick became gradually less 
liquid, and at last solid. If, however, it were again ren- 
dered liquid by any means, the light rose up and burnt 
freely even in air which contained only 18 per cent, of 
oxygen, and in which a candle would not usually burn. 
For this reason the miners incline the candles in order 
that the flame may approach more nearly to the grease 
and melt it more rapidly. Sometimes this is done to such 
an extent that there is a constant stream of tallow moving 
past the lower part of the wick and dropping on the 
floor. When a small vessel is used for the combustion of 
the candle, such a box as that above described, it is ne- 
cessary, in order to observe the vaiying stages of com- 
bustion, to let the candle be in full flame when it is 
inserted ; at that time the tallow is melted around it and 
a considerable supply is at hand. Before this supply is 
used up the amount of oxygen is reduced to the number 
spoken of. Such an experiment, therefore, is not satis- 
factory ; it shows only the combustion of a candle of a 
given size with a given extra supply of oily matter. If, 
however, the space is large, as in the lead chamber or 
the mine, the few additional drops of melted fat will not 
perceptibly affect an experiment lasting for hours, as, 
after all, their effect is over in a few seconds, at most 30. 
In this case the combustion ceases whenever the candle 
is incapable of giving out heat enough to melt sufficient 
fat for its consumption. If the experiment last for hours, 
a gradual diminution of the heat takes place and with it 
a gradual diminution of light. But if the candle be held 
on the side, or if additional fat be melted, the flame may 
be made to rise as high as in the ordinary air ; still if 
left to itself the hardening will take place again. As in 
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this case the flame is to begin with as large as usual, 
there appears as much heat as usual, and still the tallow is 
not melted. The tallow is melted by radiant heat, and 
the Inydening seems to prove that there is an obstruc- 
tion to this radiation. The carbonic acid, tlie watery 
vaj)our, and the fatty matters themselves which exist 
unburnt in tlie air, may be these non-conductors. The 
experiments in Tables 4 to 8 will show that this dimi- 
nution of light, of heat, and of melted matter takes ])lace 
w'ith vapour of water alone to some extent, and with 
carlxmic acid without any additional vapour added to the 
air, but that when both tlie acid and tlie vapour are 
present the action is most rapid. 

It will be seen from Diagram 1, that the diminution of 
the combustion was not caused by a diminished quantity 
of oxygen merely, because when the carbonic acid was 
removed the candle burnt very well, although not so well 
in the remaining air, although this air would only have 18-7 
per cent, of oxygen in it, whereas by experiment in Table 7, 
the light was very much diminished by the presence of 
carbonic acid, altliough the air contained actually 20'1 
of oxygen with little of additional watery vapour to dis- 
turb it, and was otherwise in a condition to support very 
fair combustion. 

Wlien Dr. Frankland was on the top of Mont Blanc 
he found that a candle burnt with an elongated blue 
flame without consuming less fatty matter than usual. 
In air rendered bad by carbonic acid and watery vapour, 
or by any of the sujbstances floating or volatilised in the 
air of mines, the candle has no tendency to become blue, 
but preserves its whiteness to the last. On the other 
hand, the blue edges, especially at the beginning of the 
combustion, entirely disappear, thus giving what is called 
a ‘ sickly ’ or a pale yellow appearance to the light. At 
the last a pale white flame hovers over the wick, which 
has become short from a process of self-snufling. The 
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red wick burns short, and, when the small lambent flame 
escapes, still glows for some time. 

When candles bum in fairly ventilated places the 
unbumt vapours are not always perceived, but owhen 
many candles are burnt in close places these vapours 
become very perceptible to the senses. Perhaps this 
is owing partly or wholly to a less thorough combustion 
than in pure air. Acrolein is probably one of these 
vapours, and, according to Dr. Tyndall’s investigations, we 
must ascribe to them no small influence in preventing 
the radiation of heat. 

When powder smoke is present, the light of the candle 
is diminished to a considerable extent. The solid matter, 
as well as the gases which are evolved, prevent the com- 
bustion, and I suppose also the radiation. This is clearly 
seen from Table 8. 

By Table 4 the light of the candle is observed to be 
less, even after only half an hour’s delay in the chamber, 
and with 18'57 of oxygen the candle still retained one 
fifth of its power. This occurred when the exhalations 
from a candle and a man rendered the air impure. The 
exact point of extinction depends on the gases, vapours, 
and temperature united. It must therefore vary. • 

If we compare Table .5, showing an experiment in the 
lead chamber when a small amount of steam was sent 
into the space where there was one person with a candle, 
we find the result, after 190 minutes, almost exactly 
similar to the experiment of Table 4 ; the candle diminish- 
ing to the same fraction after the same time, the amount 
of vapour from the candle and the person saturating the 
air towards the conclusion. 

But if we examine the change in the candle at the 
beginning of the experiment, we find that, in Table 4, 
without steam, the value of the candle had in half an 
hour gone down to '9 3. 8, whereas with a small amount 
of steam, not affecting the air to the sight, the amount 

M 
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had fallen to *875 in 25 minutes; and with a large 
amount of steam to supersaturation, the candle fell in 
10 minutes to ‘826, and in 21) minutes was diminished 
by half. It may here be said that the steam might act 
as an obstruction to the light if it condensed in the room ; 
but to show that this effect is not that which is observed 
here, we find that the values of the candle are, after 
103 minutes, with steam ‘206, without steam ’STG. 
The numbers are thus rapidly approaching each other, 
and at the point of saturation of the air, when no 
steam was used, would no doubt have met, or nearly so. 
As the temperature was raised with the steam, the candle 
would burn a little better, because the tallow would melt 
more easily. 

In experiments. Tables 4 and 5, at 190 and 195 
minutes the values of the candle are ‘OlOfi and -0104. 
We may draw then this conclusion, that the effect of the 
vapour of water in preventing combustion is very great. 
In No. 5 the amount of vapour sent in at once more 
nearly approached that which would arise from natural 
causes in the mines, and there we see that there is a 
diminution of light of one-tenth of a candle beyond that 
which is caused when there is the ordinary amount of 
vapour in the air. This will be the most useful and 
practical experiment, although the study of experiment. 
Table 6, affords also some valuable information. In No. 5 
no steam was ever visible. 

At the end of each of these three experiments the air 
was saturated with vapour, and all were practically veiy 
nearly in the same condition. 

The experiment in Table 7 is given to show the effect 
of carbonic acid on the combustion of a candle. The 
only value which I can attribute to this experiment is 
this, that it proves the effect on the candle to be very 
great. , Here there was one person and a candle in the 
chamber, and therefore the amount of moisture was con- 
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siderable after one hour, but the effect is visible in ten 
minutes, or before the moisture could be formed. 

At the end of the experiment the candle was nearly 
expiring with the same amount of carbonic acid ns in 
experiment, Table 4, confirmatory therefore of both, 
although, from the fact of the carbonic acid having been 
poured into the chamber, and not formed by the simul- 
taneous removal of the oxygen, some difference might 
have been expected. 

This difference was seen in another experiment when 
the carbonic acid was thrown in from the outside and no 
person or candle was present in the chamber ; in this 
case the candles taken in afterwards burnt moderately, 
when there was 3*9 per cent, of carbonic acid in the 
room. The reason of this I attribute to two causes : 
first, there was less vapour of water in the room, and, 
secondly, there was more oxygen in proportion, as it had 
not been removed by combustion. 

As the combustion of a candle depends very much on 
the state of the air, it is not a surprising thing that the 
combustion of a fire should be affected similarly. In 
cold weather the vapour is removed from the air even if 
the ground may appear moist, and it is still furthef 
removed if the ground is frozen, and this also in propor- 
tion to the hardness of the frost. In warm weather the 
vapour is proportionately incroa.sed, and the fire burns 
proportionately dull. The warmth cannot do otherwise 
than assist the combustion ; we learn this on a grand scale 
by the effects of the hot blast. In cold weather a fire 
burns brightly, even although the cold is an agent of an 
obstructive kind to the combustion. In warm weather 
the fire burns less clearly, although the heat is an as- 
sistance to the combustion. The reason seems to lie in 
this fact, that the cold air is deprived in a great measure 
of its moisture. Its effects on the candle are such as the 
least observant eye may remark, and the changes on a 
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fire are of the same kind. The value of this action is 
very great in economising the^ products of nature which 
are used for heat, and in economising the labour which 
must'firing these products into active use. If this be so, 
it is a lesson which may be taught to many who will 
persist in attempting to increase the amoiint of heat in 
the fire by pouring in either water or watery vapour. 

It may be said that the diminished combustion is due 
to the imperfect conduction of the heat of the flame to 
the caudle. This appears at first a very remote con- 
ception, which will require much retisoning to bring 
within the range of daily thought, but in reality it is not 
so. As the candle stands before you, the grease is seen 
hardening and the flame expiring simultaneously; you 
add a little heat by a blowpipe or any other means, and 
the flame starts up. There is nothing wanted but power 
to melt the tallow; you raise the flame to a height 
greater even than the average, and still it soon sinks and 
goes out. The heat does not pass from the flame to the 
tallow. 

The capacity of the atmosphere to absorb the heated 
rays of the sun has long been known to be great, and we 
readily believe that after passing through many miles of 
air, as these rays do toward the evening, the heat might 
be diminished till it would be very small, but that it 
should be absorbed in the space of an inch to such an 
extent as I now mention would scarcely have been con- 
ceived before the investigations of Professor Tyndall. 
He has shown us that the absorptive power of water, 
(sirbonic acid, ammonia, and scents or odours, bodies not 
unlike those distilled from fat, as well as olefiant gfis, 
one of its products, all powerfully absorb heat; and 
although he has not worked with such small layers of 
gas as an inch, the principle seems to apply. 

In his enquiry into the absorption of heat by gases and 
vapours. Professor Tyndall says : ‘ Air sent through the 
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system of drying tubes and through the caustic potash 
tube produced an absorption of about 1. Air direct 
from the laboratory, containing therefore its carbonic 
acid and aqueous vapour, produced an absorption of 15.’ 
The amount of carbonic acid in his laboratory Avould 
in all probability not exceed T per cent, even allowing 
for a very bad state of things, whilst the aqueous vapour 
would in all probability be far from such saturation as 
was found necessary in my experiments. I trust I do 
not misapply his theory. 

It is extremely probable that the exhalations of animal 
matter from the body have also their own peculiar in- 
fluence on the candle as well as on the breathing. 

There is, however, another explanation ; when 21 per 
cent, of oxygen surrounds a burning body, the action 
may be greater by ^*yth part than when 20 per cent, 
only surrounds it. A candle was placed under a receiver 
and supplied with air containing about 18' 5 per cent, of 
oxygen with a corresponding amount of carbonic acid, 
that is about 2 "5 per cent. This was simply prepared 
by burning candles in the lead chamber until they went 
out. A vessel of flexible material was then filled with 
the air and pressure put upon it, so that the air was 
driven into a receiver containing a burning candle. The 
candle went out. The same quality of air was washed 
with caustic soda and driven into the receiver, and the 
candle could then be maintained burning, although at an 
inferior speed, compared with burning in common air. 
Diagram 2 shows the difference of combustion under the 
two circumstances. 

There are then two influences at work, the active 
principle of the carbonic acid (a narcotic poison, as W. 
Muller calls it ^), and the absence of oxygen. The last 
would begin to act instantly, and its effects would be 
visible at the lower part of the flame, the burning being 


* Annalen dtr Chenm und 1%^ 1858, 
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feeble. This may be seen well when a paraffin candle 
burns ; as soon as 1‘5 per cent, of carbonic acid is 
reached the melting is so slow that the flame leaves the 
lower part and goes above to burn the paraffin that has 
been drawn up ; when this is done it seems inclined to 
go out. The flame leaves the upper part of the wick, 
whicli becomes completely burnt ; it then passes down. 
For this reason the heat is communicated again to the 
candle, more is melted, and the flame rises ; this goes 
on constantly, and we have a candle brightening inter- 
mittently, the intervals shortening after a while. That 
the combustion is rendered more difficult at the lower 
part of the wick is pretty clear; the flame is entirely 
changed and its clearness is gone, as well as its blueness. 
Very probably when there is abundant oxygen that gas 
mixes with the evaporated oil, and explodes with the 
hydrogen, forming that pale blueish flame which heats 
the rest of the vapour and produces whiteness above, 
but with less oxygen there is a dull external combus- 
tion producing less heat and so supplying less melted fat. 
Whilst it is probable that the diminution of heat is one 
cause, I cannot see that all the circumstances can be 
explained without introducing the non-conduction of car- 
bonic acid. Perhaps some would suppose an influence 
such as is exercised by a colytic agent preventing che- 
mical action. There is room here for much experiment 
and much theory, but the fact is clear. 

For photometric experiments a candle was burnt inside 
the chamber and another outside. I stood inside, and 
the disk of the photometer was within also. Two candles 
giving the same light were used. These candles, I know 
by experience, seldom vary above two or three grains in 
the amount burnt per hour. 

The photometer disk was about two inches from the 
glass of the window. The candle was distant 22 inches 
from the photometer ; that is, when the outside candle 
was 16^ inches from the photometric disk it was just equal 
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to the inside candle at 22 inches distant, so that the glass 
destroyed ‘438 or nearly half the light of the candle. 

According as the candle within gave less light from 
the deterioration of the air it was gradually jnoved 
nearer to the disk of the photometer. 

The change of light was sometimes perceptible at an 
earlier stage than indic>ated by any figure given in the 
table, and I can readily believe that much experience 
might cause the candle in some conditions to be a very 
sensitive indicator ; not in all. 

Table No. 4 . — The Effect of Impure Air on the Combustion of a 
Candle. — Fehmary 6, 1864. 


11 h. 20 min. . 

1 After 30 min. . 

Flame observed to be shorter 


I Outside 2 inches 
Inside I'O ,, 


45 min. 
60 „ 


Outside 

candle. 

Inside 

candle. 

1 Value of 
the light 
in candles. 

Temp. 
Fahr. near 
roof. 

Inches. 

Inches. 



16-5 

22 

1 

49-6 


21*25 

•933 

49 


• • 

• • 

62 

Carbonic acid -69 



Oxygen 

. 20 38 



16-5 

18-8 

•734 

64-6 


18-26 

-688 

56 


17-1 

•604 

66 . 


16-5 

•496 

66-26 


13*5 

•376 

66-25 


12-8 

•338 

64-6 


10-6 

•227 

64-6 

Carbonic acid 2-31 



Oxygon 

. 18-67 




9 

•167 

67-5 


7-76 

•124 

54 

Very small 




flame. 




6-75 

•0941 

64 

• • 

2*25 

•0104 

64 


Before Lighting. At End of Experiment. 


Inside candle 
33-82 
Grammes. 


Grammes. 

14-715 


e 6-87 Twr hour. 

24-26 aiminution when 3 per 
cent, oxygen were removed 
from the air. 




tiWa No. •/ 5««am, <nu Ptnon and one Candle in the 

CHat^r.—Feiruarf 11, 18$4. 


' ' * — — t 

Time. 

Instance of 
Candle from 
Fhotom. 
Disk. 


Candle’s 

value. 

Temp. 

Faihr. 

Height of Candle inside 
and out. 

h. min. 




0 


10 62 

24 


1 

40 

Both 1*6 inch. 

After 25 min. . 

22*6 

* , 

•879 

41 

Still the same. 

» 40 „ . 

21 


•765 

46 


„ 66 „ (a) 

19*6 


*660 

48 

A difference observable 






in the height of the flame. 

.. 70 „ . 

18 

, , 

•662 

62 


„ 100 „ . 

14*6 

• • 

•365 

64 

Flame had. 

„ 130 „(b) 

11*6 


*229 

66 

About one-third of its 






former height. 

)f 160 « 

7 

, « 

•086 

65 

Flame changeable, the 






largest given. 

,, 190 ,, . 

2*6 

. . 

*0108 

65 


,, 200 „ (c) 

out 



6 

Flame out. 



Before 

After 





burning. | burning. 





Grammes. Grammes. 



Outside Candle 


33*946 

6*547 

used 

27*398. 

Inside „ 


31*01 

15*684 

}y 

16*426. 




4*63 per 


40*26 per cent, -dimin- 




hour. 


ished. 

• : 


2 per cent CO 2 . 




2 spermaceti capdles burnt in the chamber and one person ^iresent^ 180 
grammes of steam driven in. 


There was no particular inconvenience felt in the chamber during any 


of the time. 


(a) At this point the steam began to enter the chamber, causing a rapid lowering of 
the light 

Specimen a taken . . 1 . . 1-02 p. c. of carb. add. 

The steam continued to the end j . . 20 03 oxygen. 

(() Here the moisture was distinctly observed in breathing. 

Specimen /S 2*10 carbonic acid. 

18*80 oxygen. 

. 2*66 carbonic acid. 

18*48 oxygen. 


(c) Specimen y 
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Table No. 6. — Steam in the Lead Chamber sent in frm. a flash of 
boiling water. One Person and one Candle inside. Compound 
Experiment, — February 16, 1S64. 


Candle outside, 16^ inches from disk. 


Time. 

Candle 

inside. 

Value of 
Candle. 

Temp. 

Fahr. 


12 o’clock 

22 in. 

1 

69 

Although steam was visible. 

After 10 min. . 

20 „ 

8*26 

63 

n » • 

» 20 „ , 

16 -6 „ 

•462 

66 

Sudden fall. Steam collected 
above and fell. Candle visibly 
declined. 

Here the steam was interrupted till 
light diminished rapidly. 

the air became clear, yet the 

ft 20 „ . 

ff ^ ff • 

14*6 

Steam 

•434 

begun ; 
t fallen to 

66-6 

Fall rapid. Steam visibly con- 
densed, and thick vapour. 

the hea 

62 


„ 50 „ . 

12*6 

•322 

65-6 


„ eo „ . 

•12-5 

•322 

68-6 


„ 70 „ . 

12 

•297 

70 

Flame appears very dull. 

Entrance of steam stopped to see 

if the flame would recover. 

„ 77 „ . 

•16 

•464 

1 69-6 


• Probably this rise of 15-12 due to the visible steam. 

„ 86 „ . 

n 

•260 

66'6 

Supply of fat is suddenly stopped. 

ff ff • 

11-5 

•273 

66 

„ 98 „ . 

12 

•297 

62-5 


„ 103 „ . 

10 

•206 

62 


At this point the candle began to take its usual course. I 

Specimen of air taken 

• 

. . •86 carbonic acid. 

20*01 oxygen. 


Table No. 1,-^Pure Carbonic Acid poured into the Lead Chamber, 
One Person in the Chamber, — February 13, 1864. 


Time. 

Inside 

Candle 

Candles. 


11 h. 26 min. . 
After 10 „ . 

ff ff • 

22 in. 
14*6 „ 

12 „ 

1 

1 

3-434 

•297 

Feeling here an acid or prickly sensa- 
tion on the face. 

Carb. acid -679 



no 


AIR, 


Table No. 7. — continued. 


Time. 

Inside 

Candle. 

Candles. 


AftertlO min. . 

„ 26 „ . 

„ 30 „ . 

9 } ^ • 

„ 60 „ . 

„ 66 „ . 

„ 60 „ . 

11 in. 
10-6„ 
9-6 „ 

® » 

36 „ 

3 w 

2-6 „ 
Nearly 

•260 

•227 

•186 

•061 

•227 

•018 

•013 

out 

Breathing, 26 pulse above average. 

Here came steam, and the candle fell 
suddenly to *227. 

Candle became very changeable, as if 
supplied by an intermittent fountain 
of oil. 

Breathing very heavy and frequent. 

Those who entered immediately after 
found the air very bad. 

Garb, acid 2*69 


Table No., 8 . — Gunpowder in the Lead Chamber, — February 17, 1864. 


Time. 


Candles. 

Temp. Fahr. 

12 h. 66 min. . 

22 inches 

1 

41 

After 14 min. . 

20 „ 

•826 

61*6 

After 45 grains of gunpowder had been burnt in the* chamber, there was 

no immediate diminution of light ; but in a few minutes the candle 
changed suddenly, as the smoke fell down upon it. 

After 24 min. . 

18 inches | *609 

16 grains then burnt — 60 in all. 

61*6 

91 27 „ . . 

18 inches 

1 *669 

62 

• 29 „ . 

16 „ I 

' *629 

62*5 

Very unpleasant breathing, as if every little crystal was felt sharply j caused 
coughing and discomfort. 

After 39 min. . . I 

14*6 inches | 

1 -434 1 

1 68 


Distiuct taste of salt as it came from the throat, after collecting there and 
causing much phlegm. Depressing. Breathing worse than after 
three and a half hours in the chamber without saltpetre. 

After 47 min. . . I Fired other 15 grains. I 

„ 51 „ . . I 13 inches | *349 | 53*5 

Decided weakening of the flame, as seen by its indistinct edges ; it be- 
comes shorter. 

The flame at the bottom becomes whitish ; it is usually blue. 

1 30 grains flred. I 

11*6 in^es | *273 | 64*6 

Weight of outside candle on entering, 27*04 grammes ; at end of experi-^ 
ment, 1211 grammes. 

Weight of inside candle on entering, 21*87 grammes,* at end of experi- 
ment, 8*69 grammes. 

Outside candle burnt 14*93 grammes. 

Indde „ 13*37 „ 
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Table No. ^,—Oeneral View of the Amount of Light from a Candle 
under various conditions^ shdwing Parts of a Candle^ a Candle 
being 1 . 


After minutes burning. 

With Per- 
son and 
Candle. 
Value of 
Candle. 

A little 
steam anc 
1 person. 

With 
great ex- 
cess of 
steam anc 
1 person. 

With car- 
bonic acic 
and per- 
son. 

With gun- 
i powder 
and perw 
son. 

10. . . . 




•826 

•434 


13. . . . 





•662 


14 (46 grms. of gunp.) 





. 

•826 

16. . . . 





•297 


19. . . . 





•260 


20. . . . 




*434* 



24. . . . 






•669 

25. . . . 

• 


•879* 


*227* 


27 (6 grms. burnt) 

• 

* * 



* #* 

•669 

29. 






*629 

80. . . . 


•993* 



•186 


39. . . . 





, , 

•434 

40. . . . 



*765' 




46 . 

• 

734* 



•051 


60. . , . 

• 



*322* 

•018 


61. . . . 

• 




9 • 

•349 

65. . . . 



*660* 


•013 


60. . . . 


*688* 


•322* 

nearlyout 


64 (100 grms. altogether) 



, . 

, , 

•273 

70. . . , 



•662* 

297 



76. . . . 


*604* 





77 (steam stopped) 




•464 



90. . . . 


*496* I 





100. 



1 -366 I 



O 1 

106. 


*376* 





120. 


•338 





130. 



•229 




136. 


•227* 





160. 


•167 





160. .. . 



•086 




166. .. . 


•124 





180. 


•0941 





190. .. . 



•0108 




196 . 


*0104 





200. 


, , 

out 
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Table No. 10. — Burning of a Paraffin Candle in the Lead Chamber^ 
under various circumstances. 


• 

Time. 

Amount of Candle 
consumed inside. 

Amount of Candle 
consumed outside. 

Percentage burnt 1 
less inside than A 
outside. 1 

Carbonic Acid 
formed by the 
burning inside. 


Amount burnt in 
Grammes. 

Per Hour. 

Less in than out- 
side per Cent. 


Grammes. 



Per cent. 






1 1 hr. . 

7-32 






24*700 

5*489 

29*27 

>f ... 

7*456 




In 4J hrs. 


26*802 5*956 23*44 

»» ... 

7*14 

(mean) 7*751 

6-2 

•312 


. 

25*522 5*670 

27 09 

hrs. . 

19 

20*47 

6*5 

*80 


r 

19*280 6*42 

20*19 

3 • . . 

20*828 

22*574 

7*7 

*96 

In 3 hrs. 


18*803 6*26 

22*16 

3A „ . . . 

25*37 

27*19 

6*69 

1*12 


. 

20*040 6*64 

18*68 

4} „ . 

31*73 

36-27 

12*5 

1*52 






3j „ . 

19*1 

25*19 

24*26 

2*21 






3 hrs. 20 min., and 










steam 

15*426 

25*57 

40*26 

2*80* 






2 hrs. 4 min., with 










gunpowder* 

13*37 

15*96 

13*80 








Due to 90 grains of gunpowder exploded . . 8-8 per cent. 


* This is *07 Co, for 1 per cent, of diminution of combustion. 


Weight op Candle burnt in Air op various Qualities. 

By Tables 10-13 the amount of sperm and paraffin 
candles burnt in different atmospheres is seen. The 
amount burnt is in proportion to the light with remark- 
able exactness. No. 10 gives the amount burnt in 
certain times, with the carbonic acid at the end of the 
experiment. From Tables 4, 5, and 6, the amount of 
light given at various stages is obtained, and by com- 
bining these we have Table 13 which shows the amount 
of light prevented by given quantities of carbonic acid. 
Moisture is present in all, but in the lower numbers not 
to saturation, whilst the saturation will be nearly com- 
plete in the higher. Again, it seems to me that it makes 
a difference if the exhalations other than moisture from 
a human- being are present or not, and I cannot therefore 
call this table accurate as far as carbonic acid is con- 
cerned alone. It is given, however, as a very near 
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approach to the condition of things actually found in the 
mines. It will only be made perfect when each agent 
is separately examined and the effect of each added to 
make a total. A mode of making these experiments is 
already devised, but they may not be ready, if ever 
made, for the Eeport of the Commission, and are not 
strictly demanded by the enquiry. 

In order to ascertain the amount of light given by a 
candle at various stages of impurity of the air, it has 
been said that a photometer was used inside and candles 
placed outside and inside. The distance was generally 
twenty-two inches at first, and the experiment ended by 
the candle almost touching the disk. 

When these experiments were making, it was observed 
that the outside candle was burnt rapidly down, whilst 
the candle inside the chamber was still long. It will be 
seen by experiments in Tables 10, 11, &c., that this 
shortening was in exact proportion to the amount of 
light given. This would not be the case if the candle 
burnt with a blue flame as in rarefied air. We may 
conclude from these experiments that the value of the 
light of a candle may be measured in three ways : 1st, 
by the photometer ; 2nd, by simply weighing it before 
and after burning ; 3rd, by measuring the length of the 
candle before and after burning. It has been shown 
that these three modes of measurement may be used for 
estimating the condition of the atmosphere in a mine, 
not with great nicety, but to an extent far beyond any 
method ever yet used in mines. The plans 2nd and 
3rd are actually applicable, and may be said to constitute 
the best method of applying the candle test, if time is 
allowed. The amount may be weighed to an accuracy 
far beyond anything that can be done with the eye only. 
If, therefore, the candle is valuable as a test, this is one 
true mode of using it, perhaps the safest ; but either a 
paraffin, spermaceti, or wax candle would be required. 
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and it would require to burn a long time. This length 
of time is an objection. Coal mines are not alluded to. 

The number of witnesses to the value of the candle as 
a test*is so great that to give them all would seem more 
to be the transcription of a catalogue of books. Among all 
the writers who in the course of centuries have spoken of 
the subject, no dissentient voice has been found except 
perhaps one. Bartels,' in his report on ventilation in 
1711, says that old air was generally blown back to the 
places requiring ventilation, and although it was not bad 
enough to affect the candies much, it was still hurtful to 
the workmen. 

A belief so long and so well established as that con- 
cerning the infallibility of the candle is not to be supposed 
to be entirely unfounded. It will be seen from the 
experiments given, that, within bounds, it really is re- 
markably well founded, and by the aid of fine measures 
or balances may be carried out to an extent far exceeding 
that which it has hitherto reached. This great value it 
certainly has, that it indicates impurity of air of almost 
every kind usual in mines, little hee^ng whether that 
impurity be pure vapours of water or poisonous carbonic 
aCid ; and to a great extent the effect of the two sub- 
stances on the candle very much resembles theii* effect 
on human life, or at least comfort. A certain amount of 
moisture, carbonic acid, and powder smoke affect the 
candle, but this gives no indication whether one or the 
other is in excess ; and although a certain lassitude be 
produced by the vapour of water in excess we cannot 
attribute to it the same principal effects which are made 
apparent by the smoke of powder. There is also a 
difference if the carbonic acid is brought into the air, and 
not formed in it by removing the oxygen. As an example 
the candles will not go out with 4 per cent, of carbonic 

^ Acta Historico-Chronologico’Mechanica circa Metallargiam in Hercynia 
w/pmon*, by Henning Cal vor. Braunschweig, 1763. 
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acid when Ihe acid is poured in, but they are extin- 
guished by 2.^- per cent, if the carbonic acid is formed 
by* burning the oxygen, ^hese two extreme cases illus- 
trate some weak points of the candle as a test. -They 
perhaps illustrate, also, experiments related to me by 
Professor Bunsen, in which it seemed clear that the 
candle burnt longer than the human life. 

• lleference to similar results is found in Professor 
Miller’s ‘ Chemistry.’ In such cases it is probable that 
other gases were present. If, on the other side, sulphu- 
retted hydrogen had been present our calculations would 
be incorrect, as a small amount would be deadly. 

The candle will go out when the accumulated effects 
of the vapours and acids amount to a certain point, but 
a very large portion of this effect may be due to deadly 
gases, and none to watery vapours, or the contrary. If 
the large effect be due to watery vapour a man will have 
the greater chance of living on. If the chief effect is 
due to carbonic acid, we cannot doubt that the danger 
is greater, but this cannot be distinctly proved, although 
it was somewhat illustrated by experiment. 

A certain amount of moisture in the air is agreeable, 
but it diminishes the burning power of the candle ; :a 
time then comes when this moisture is prejudicial both 
to men and candles; but go further again, it is im- 
possible to add moisture enough to the air to do rapid 
injury to any man, Avhilst it is very easy to add carbonic 
acid to that amount. Again, the eye is not quick enough 
to observe the differences in the early stages, such as 
when there is a quarter per cent, of carbonic acid, and 
still less able when the amount is below a quarter per 
(jent. Now this is the only state of things in which 
men should ever be allowed to work ; it follows theie- 
fore that the candle as used is valuable only when the air 
is so bad that no one should be allowed to remain in it. 
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. Table No.11.— Mecmrtmtni of the Length of tKe Candle as a 

Teat of the Air. 


c 

In 4^ 
Honrs. 

Per cent, 
burnt. 

Actual 

Amount 

in 

Inches. 

Calculated 
Length 
from Amt. 
burnt. 

Dif- 

ference. 

Amount burnt in com- 
mon air . 

1st 

2nd 

3rd 

Grammes. 

34-987 

24-70 

26-802 

26-622 

70-73 

76-66 

72-91 

4-036 

2-812 

3-312 

3- 

2- 84 

3- 092 
2-94 

•028 

•220 

•060 


Table No. 12. — Combustion of Candle in an Atmosphere with Carbonic 
Acid and Vapour from a Candle and Person. 


Time of burning 
in minutes. 

Carbonic acid in 
the air. 

Differences. 

Value of the light 
and candle 
being 1. 

30 



•933 

40 

•63 

•43 


45 



•734 

60 

•95 

•32 

•688 

76 



•604 

90 

1-31 

•36 

•496 

106 



•376 

120 

1-61 

•30 

•338 

136 



•227 

, 160 

1-76 

•16 

•166 

166 



•124 

180 

1-88 

•11 

•094 

196 



•014 


Table No. 13. — Amount of Light lost by the action of Carbonic Acid in 
the Air. — Moisture being present. 


Carbonic Acid. 

Light lost, per cent. 

•63 

26-6 

•96 

31-2 

1-31 

504 

1-61 

66-2 

1-76 

83-4 

1-88 

90-6 


There is here an irregularity, because, as will be sfeen. 
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the heat rises rapidly the first hour, and slowly the 
second, whilst it remains stationary afterwards. The 
amount of light lost may be reckoned for the present, 
in a rough way, as nearly 10 per cent, for every *2 to 
•22 per cent, of carbonic acid, whilst it is somewhat less 
with some conditions of vapour more nearly approaching 
•25, although both these numbers are disturbed by the 
temperature. The experiment is not a simple but a very 
complex one. 

Diagrams 1 and 2 illustrate this question. See, also 
under ‘ Carbonic Acid and Ventilation.’ 

Methods of ascertaining the State op the Air 
BY THE Amount of Candle burnt. • 

These methods are obtained from 11 and 13. 

If a candle burns 120 grains per hour in pure air, and 
is found in any place to burn only 110, there is a loss of 
9^1 per cent. Let 10 per cent, be equal to ^25 of car- 
bonic acid, the 9'1 will be equal to ^22 per cent, of 
carbonic acid. Or let us say, if a candle burns 26^6 per 
cent, less than its normal amount estimated either by 
weighing or measuring, the amount of carbonic acid iS 
•63, and so op. 

I have not applied this method to such small quantities, 
but the principle is found correct in experiments in the 
lead-chamber, and I hope to make use of it a little 
further. 

The method by measuring the candle is similar, but 
less exact ; a longer time must be allowed for burning, 
but the edges being unequal, great accuracy in estimating 
short lengths is prevented. 

Temperature affects all plans : there must be no great 
deviations in this respect, or the rudeness increases. 
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Effects of Moisture. 

It ‘is probable that the amount of moisture in the 
chamber during the experiment alluded to in Table 6 
is seldom found in the mines, but the amount in Table 5 
is, I believe, found. Not having made in the mines any 
observations of the kind, the comparison is incomplete. 
In both the experiments the moisture was at last brought 
to saturation, in one at an early period. It is true that 
moisture at a high temperature is oppressive, but when 
the temperature hills it is a great agent of purification. 
The organic matter was wonderfully well washed out 
after the temperature had fallen ; it was, in fixct, dissolved 
in the dew. Even when the temperature was high the 
organic matter was less sensible : this, no doubt, because 
there was during the whole time a deposit of dew on the 
substances in the chamber. 

The same thing occurs on a summer evening : the 
organic matter is removed, but unfortunately it is brought 
down for removal, so that in places where it has been 
abundant and impure the results are disastrous. After 
the air is cleared of this deposit, it must be much more 
wholesome. This eficct of moisture in purifying the air 
is observed in the tables of carbonic acid for Manchester 
and other places ; it is also perceived in the oxygen tables ; 
and the difierence was also found several years ago when 
examining the air before and after rain, by means of 
permanganate .of potash. 

This purification of the air by rain is so readily seen 
to be a matter of course, that it is rather to be wondered 
at that no one has more fully examined the subject. 
When we look at the percentage of deaths in difierent 
countries in Europe, we are glad to see England stand so 
high — according to Oesterlen and Baudin, before any of 
the Continental States, except Norway and Sweden and 
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parts of Switzerland ; and yet England has a proverbially 
moist climate. (Norway arid Sweden have more dry air. 
We may see there the silvering of the trees on the hills 
when the sun is shining behind, and the view is froifl the 
shaded part of the hill. This a friend tells me he saw 
in Scotland in the winter 1869-70, during intense cold, 
which I suppose dried the atmosphere.) When we leave 
England and go to west Scotland, a much moister climate, 
we find the death-rate lower. Does the rain cause this 
increase of vitality by washing out the impurities in one 
case and freezing them in another? 


CARBONIC ACID AND VENTILATION. 

The carbonic acid of the air iucrea.ses with the activity 
of life and with artificial wanning and liglrting, as well as 
with animal and vegetable decay. It follows us every- 
where, living and dead, and we can only get rid of excess 
by remaining in the natural currents of the air. We 
know it in certain conditions by a peculiar smell and 
taste wliich it apparently has when in conjunction with 
other substances, but of itself it has none, or at least 
very little. We enter into an atmosphere with 2.^ per 
cent, of carbonic acid, and we smell nothing ; we enter 
into one with 4 per cent., and the candles are long ago 
out, and we smell only products of combustion or life. 
It has been a question if it really does any active harm, 
or is only negative to life. I have always considered it 
as remarkably innocent in small quantities, and been 
accustomed to look on the organic substances as the real 
evils ; but the experiments in the close chamber have so 
far changed my mind, that I am inclined to think that 
carbonic acid has an injurious influence in small amounts. 
To prove this absolutely is not easy : we cannot readily 
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obtain an atmosphere for a long period containing 
different amounts of carbonic acid without organic 
matter existing in it at the same time. Such atmo- 
spheies do exist in natm’e, and in all probability there 
are persons living in tliem tlie statistics of whose lives 
would give us the required information ; but this has yet 
to be collected. We can prove the bad effects, of the 
minuter quantities of the organic matter, but the bad 
effects of minute quantities of carbonic acid exist as yet 
only on suspicion. 

We c{in, however, reason in this way: — The carbonic 
acid increases constantly and regularly in a close place 
where men breathe. The organic matter does not do 
so ; it deposits with moisture, it covers every surface, 
and we smell it when all the carbonic acid is washed 
out by fresh air. The air is not limited in its capacity 
of holding carbonic acid ; it seems to be so with regard 
to organic matter. Breathing . in a closed space, the 
capacity of the air to support life diminishes regularly, 
and the capacity to support a candle diminishes also, in 
a manner more consistent with the idea of the influence 
of the acid air than the absence of oxygen. There is 
hauch oxygen still left when the candle goes out, and 
it will be seen by Diagram 2 that the air when freed 
from carbonic acid is at once able to support a candle 
with much more vigour. 

We do not know enough about the absorption of 
oxygen by the blood independently of oxidation, but 
supposing the laws of absorption by water to have some 
influence, although the proportions absorbed by the two 
liquids are very different, we see that the amount of car- 
bonic acid absorbed increases with great rapidity when 
the amount of gas present is increased. 

For example, in water let there be T of carbonic 
acid, 20-9 of oxygen, 79- of nitrogen ; using Bunsen’s 
tables for calculation. 
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The firaount of these gases absorbed by water at 68° P. 
or 20° C. will be *09914 carbonic acid, *59142 oxygen, 
1*10837 nitrogen ; but let the carbonic acid be 4 per cent., 
as was nearly the case in one experiment, the amount 
absorbed would be 3*6056 carbonic acid, *4824 oxygen, 
1*1083 nitrogen. It is to be observed how rapidly the 
carbonic acid rises, whilst the oxygen diminishes slowly. 
The numbers will not be exactly the same at blood heat, 
and blood may act differently independently of its power 
of retaining oxygen far beyond that amount which water 
can retain. 

It is to be remembered, however, that oxygen is not 
absorbed by the blood merely according to the laws of 
absorption regulating the amount taken up by water; 
that is, the amount absorbed is retained chemically, and 
the blood is then able to take up another poi’tion. The 
first act is probably physical, and although the next is 
chemical, the ordinary law of absorption will in all 
probability have a very great influence on the rapidity of 
the act of supply. Liebig docs not reason entirely in 
this method, but his words on this subject are of great 
weight and value, and explain it more fully and clearly 
than has elsewhere been done. Ilis chapter in the 
‘ Letters on Chemistry ’ has great beauty and power. I 
shall here quote a portion of it, remarking only that it 
does not seem well proved that the increase of oxygen 
has little influence. Liebig says : — 

‘ Moreover, if the quantity of oxygen that can be ab- 
sorbed depends, according to a certain law, on the amount 
of the carbonic acid to be expelled, it is clear that the 
increase of the amount of oxygen in the air must be 
altogether without influence on the respiratory process. 
This remarkable fact has been satisfactorily ascertained 
by Regnault and Reiset in their admirable researches. 
They found that animals living for 22 to 24 hours in an 
atmosphere containing twice or thrice as much oxygen aa 
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the air, experienced no kind of uneasiness ; and that the 
products of respiration, in their quantity and relative 
proportion, were exactly t]i5 same as when the same 
aninjals lived in common air. 

‘ It is further evident that the amount of carbonic acid 
in the air is one chief obstacle to the separation of that 
gas from the blood, and, therefore, an obstacle to the 
absorption of oxygen. When the amount of carbonic 
acid increases, the absorption of oxygen is impeded, 
even when its quantity remains the same. It is only by 
a corresponding addition of oxygen that this injurious 
effect of carbonic acid can be counteracted. Such an 
increase of oxygen never occurs under ordinary circum- 
stances ; but Kegnault and Reiset have observed that 
animals could live in air containing one and a half to 
twice as much oxygen as common air, even if the amount 
of carbonic acid were so great as from 17 to 23 percent., 
that is, about 400 times greater than in common air ; and 
this, without any injurious effect, after 22 to 26 hours. 
Such a proportion of carbonic acid in commoir air is 
absolutely incompatible with life. 

‘ The fact that men and animals die very rapidly from 
inhaling pure carbonic acid, while they live comparatively 
much longer in nitrogen or hydrogen gases, is explained 
by this — that in an atmosphere of atrbonic acid the 
blood cannot give off any portion of that gas, but, on the 
contrary, absorbs more of it, by which the small propor- 
tion of oxygen in venous blood is expelled from the 
blood, and consequently its vital functions are much 
impeded, nay arrested. 

‘ The condition most favourable to a rapid and perfect 
formation of arterial blood, and a more accelerated 
expulsion of carbonic acid from the venous blood, is, 
consequently, a rapid change of air in the air-cells of 
the lungs. 

‘ When the inspired air has the same composition as 
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that which is exhaled, the object of respiration is no 
longer attained. The expired air is used air, which 
cannot a second time perform tiie same functions in the 
lungs. The venous blood is no longer changed* into 
arterial ; difficulty of breathing, and finally suffocation, 
soon come on, just as if the mouth and nose had been 
closed. 

‘ In this case, death is determined by two causes. One 
isi beyond doubt, the deficiency of oxygen ; the other is 
the presence of carbonic acid, by the presence of which 
the absorption of oxygen is impeded. In one of the 
experiments of Ecgnault and Eeiset, a dog, three years 
old, in an atmosphere — tlie amount of oxygen in which 
had fallen to 4.], per cent., while that of carbopic acid 
was flf per cent. — fell into death-like convulsions ; but 
he soon recovered in pure air, and in half an hour was as 
lively as before. In these experiments the carbonic acid 
given out from the lungs was for the most part removed, 
in the confined space in which the animal breathed, by 
solution of potash, introduced along with the animal. 

‘If we reckon, in the state of rest, 15 respirations per 
minute, and for each 31 cubic inches of air (English 
measure), and in the expired air 5 per cent, of carboni?; 
acid, and 15 per cent, of oxygen, we easily find that a 
man in 24 hours produces 540 litres or about 19 cubic 
feet (English measure) of carbonic acid, consuming in 
the same time 10,800 litres, or about 380 cubic feet, 
of air. 

‘ In a closed space, 8 feet high, 9 long, and 8 wide, a 
man could not breathe 24 hours without uneasiness. At 
the end of that time the air would have the composition 
of expired air; and if the patient remained longer in 
the same air, a morbid state, and finally death, would 
ensue. Lavoisier and Seguin found that the carbonic 
acid of expired air when again inspired, may be raised 
to 10 per cent., but not beyond that quantity, even when 
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respiration was continued, which it could only be for a 
very short time. This proportion of carbonic acid may 
be regarded as the limit at which life is endangered in 
man.’, (p. 360, et seq . ; 4th ed.) 

Here I would remark that the experiment in Table B, 
showing that the amount of carbonic acid given out was 
as much wlien the air had been breathed for five hours as 
at first, is a companion experiment to that of MM. Eeg- 
nault and Eeiset, when it was found that twice or thrice 
the usual amount of oxygen did not hurt animals. But 
I may be allowed to remember that the experiments here 
recorded were performed on human beings who could 
register their sensations. All those made with animals 
take cognizance only of extreme results, such as spasms 
or approaches to death. The uneasiness comes on before 
the air has the composition of expired air ; when it reaches 
that point the discomfort is very great indeed ; and if the 
air may be raised to the point of having 10 per cent, of 
carbonic acid, it must surely be by breathing small 
quantities ; at least it seems to me impossible to endure 
4 per cent, for any length of time. I believe this may 
be done by breathing air from a bladder, blowing in and 
re-breathing for a short time ; but we cannot try this plan 
long, and such experiments are of little value. 

Liebig also says, alluding to the subject, ‘ These varia- 
tions in the density of the air from temperature, evapo- 
ration, or pressure, exert no perceptible influence on the 
quantity of oxygen taken up by the blood in every 
.second of time.’ 

M. Em. Fernet,^ speaking of the organic substances in 
blood, says, ‘ The volume of carbonic acid absorbed 
remains equal to one and a half that which pure water 
would absorb under the same circumstances. On the 
contrary, in the absorption of oxygen there is observed 
a very small diminution of the co-efficient of solubility, 

^ Comptes HendffJt, vol. 4(5, p. 623. 
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and a notable augineuUitioii of the volume absorbed, 
independent of the pressure. The absorption of oxygen 
by the serum is on the wliole regulated by the law of 
simple solution.’ On p. 675, ‘The volume, chemically 
combined, is almost five times the volume dissolved 
under atmospheric pressure.’ 

Meyer and Fernet found that blood took less air up at 
low temperatures than at high. The contrary is the case 
with water ; but it is clear that if the blood does take 
up oxygen according to pressure, it retains it by another 
power, and this is exercised more at a temperature equal 
to or above animal heat, 

Muller ' has done interesting work on this subject, and 
has shown that an animal can reduce the aniount of 
oxygen almost to disappearance before dying. Eut his 
experiments were made on animals confined in veiy 
small spaces or bottles, the air not being equal to the 
bulk of the animal itself. The results, although inter- 
esting, do not bear on the subject of health. He con- 
cludes that the removal of two-thirds of the oxygen does 
not affect life, and explains thereby the possibility of 
livitig in the rare atmosphere of mountains. But that 
which he called no eflect was an observation of tCn 
minutes ; and I can bear witness with myself and others 
that such a short experiment is not sufficient. That 
which may be borne for many hours, yet depresses deeply, 
and changes are taking place during the time in the body 
and mind, which many hours afterwards of fine air are 
required to obliterate. 

That the difference of a small amount in the propor- 
tion of oxygen should be perceived in the burning of a 
candle, whilst the difference of a great amount in abso- 
lute quantity is not equally perceived if this difference is 
caused by rarefaction, points rather to the importance of 
the proportion of the elements being preserved. The 

^ Annalen der Chernie iind Ph. vol. 108. 
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23rd conclusion of Vierordt seems to be the true one : 

‘ The quantity of carbonic acid given out into the lungs 
increases or diminishes with the amount in the lungs. If 
the lungs were to be cleared entirely of carbonic acid by 
the addition of fresh air, the freshest air would clear 
them most rapidly ; but use air with carbonic acid, and 
near the end of the process the amount of air required 
would be very great to make any change.’ This is easily 
seen by Table 16, showing the very great amount re- 
quired to ventilate. For a similar reason the time required 
to change the composition of the mixture of gases in the 
blood, granting it to be changed, would be considerable, 
and impure air, which would finally kill, might be borne 
with for a time, although at first scarcely perceived. 

When the air has been reduced to 18 per cent of 
oxygen, and the carbonic acid removed by caustic soda or 
lime, leaving then an atmosphere with 18‘5 per cent, 
of oxygen, the difference is great both in the candle and 
in man ; the breathing becomes pleasant, and the candles 
burn better. (See diagram.) Dr. Frankland’s expe- 
riments on Mont Blanc show that, by diminishing the 
oxygen to the extent of the increase of carbonic acid 
bj^ means of rarefaction, the combustion is not lessened. 

I do not know that the passage of carbonic acid 
through moist membranes has been applied to any 
condition found in the lungs. The absorption may he 
again referred to, in order to explain the action of car- 
bonic acid, supposing it to keep in contact simply witli 
a liquid such as water which will absorb it. We find 
that with •! per cent, carbonic acid gas, the absorp- 
tion is ’09, and of oxygen '533, but how rapidly the 
rise is made on the side of the carbonic acid. When we 
reach *2 the amount of carbonic acid is doublcd| and 
that of oxygen scarcely altered. With T carbonic acid 
the absorption is 15 per cent, of the absorption of the 
oxygen ; with ‘2 it is 30 per cent. The tables for this in 
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the original have no value except to show how careful we 
ouglit to be. The great capacity the blood possesses of 
absorbing oxygen, puts these calculations aside. On the 
actual amount of absorption I do not enter. .. 

Knowing as we do the necessity that blood should give 
out carbonic acid, it is easy to believe that a constant 
exposure to much of it would prevent this action. 

If we shake a volume of common air containing ‘04 
per cent, of carbonic acid with water the amount of 
oxygen dissolved is much greater than that of the car- 
bonic acid ; but let the carbonic acid rise only to ‘6, and 
the amount dissolved would be greater than the amount 
of oxygen ; when we arrive at 2 per cent, the amount 
of carbonic acid dissolved is actually more than three 
times the amount of oxygen ; at 4 per cent, it is eight 
times. This estimation is for water, whilst the oxygen 
in respiration is absorbed by blood ; and this is for 68" 
Fahr., whilst that of respiration is nearly 30 degrees 
higher ; but although there are experiments on the 
absorption of oxygen by blood, the knowledge is not in 
such a state as to admit of decisive replies. It does, 
however, admit of illustration. E. F, Marchand, and 
after him Fernet, found that the absorption of oxygen hy 
the blood did not produce instantly carbonic acid,‘ the 
oxygen is carried into the blood and gradually acts upon 
it. Oxygen has been found along with carbonic acid in 
the blood, and in greater quantity. Meyer’s experiments 
in ‘ Watts’s Diet, of Chemistry ’ give from two to three 
times more oxygen than carbonic acid ; Bernard found 
in a dog’s arterial blood 19-46 of oxygen.'-^ Much dis- 
pute has arisen whether the oxygen was combined or 
absorbed ; without inquiring into the mode by which it is 
retained, it seems probable that the act of absorption is 
first physical. The blood has in reality no pure air 


' Kopp’s Jahresh. 1858. 


* Ibid. p. 200. 
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exposed to it, as Vierordt has shown that in the deepest 
portions of the organs of respiration there is more car- 
bonic acid. This explains why death does not at once 
occur ; with a moderate inci'ease of carbonic acid, such 
would immediately be the result if the absorption were 
exactly as in water. Still it is fair to draw this conclu- 
sion, that the more carbonic acid there is in the air, the 
more difficult will it be for the blood to keep its excess 
of oxygen. 

The Table B shows that the formation of the normal 
amount of carbonic acid is no proof that there is a suffi- 
cient supply of oxygen, or that a place is healthy. There 
is evidently power lost in supplementing a deficient 
supply by great exertions. I must not attempt to speak 
as a physiologist ; the chemical fact was well proved. 

It would of course be much better if we could reason 
in a more direct way, and by experiment in a laboratory 
prove that the smallest amount began the mischief. It 
would be better, because people have more faith in that 
which goes on before their eyes rapidly; when ’the 
operation is extended through years they begin to lose 
sight of the clause; and besides this, other influences 
catise the argument to be more mixed. 

In brewhouses the carbonic acid is evolved nearly 
pure, and I am inclined to think from enquiries made, and 
from a little more trial of it myself, that even when pure 
it is not well to have an amount so great as T5 per cent., 
although T9 is not perceptible to me. (See under 
‘ Organic Matter.’) This is going farther in that direc- 
tion than I expected to go ; even ‘25 will scarcely show 
on a common photometer, and it is certainly not per- 
ceived by the senses in a direct way. 

If we look at the diagram showing the effect of bad 
air on the burning of a candle, we shall see that the 
beginning is very rapid. The whole bearing of the 
experiment leads us to think that there is no point at 
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which the effects of the carbonic acid can be called 
null, but that the effect sjiades out as finely as the acid 
itself. 

The proportion of the gases in the atmosphere is 
adjusted so that we can keep combustion freely under 
control. If we use very little more oxygen the rate of 
combustion is perceptibly increased; if we take any 
less than one per cent. ('8) the rate of combustion is 
diminished at least a third. If '8 per cent, will have 
such a great effect, is it a strain on our reasoning to 
attribute a corresponding influence to one tenth per 
cent. ? And if the absence of so little oxygen be felt, 
how much more will this be the case when it is replaced 
by an equal amount of carbonic acid ? 

It is extremely probable that the carbonic acid and 
oxygen are adjusted to the condition of the blood and 
lungs, or, as some would prefer it, that the blood has 
adjusted itself to the oxygen and lungs ; the shghtest 
excess of oxidation might in a few years destroy the 
smooth action of the organs ; and it is not to be wondered 
at that some persons are more fitted for working as it 
were under low pressure, and if put into pure air give 
way, whilst others again require all the stimulus of the 
purest air and exercise to set them in harmonious 
action. 

It has been said, and probably with truth, that animals 
seek inferior air when sleeping, and man also dislikes 
then a bracing air. It may be well to breathe less 
oxygen for a short time — such air, for example, as is got 
by putting the head under the bed-clothes. It is probable 
that it removes the stimulus caused by pure air, and 
calms one down to sleep ; but this impure air by degrees 
becomes more and more unwholesome, and when the 
sleep has begun it seems more natural that the lungs 
should themselves adjust the amount of air required, by 
respiring more slowly rather than moving with rapidity 
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in impure air. But as few persons seem to regulate 
themselves so well, and as the stimulus required in active 
life is not required in sleep, it is probable that for many 
persons, if not all, the air may be with propriety 
diminished in oxygen to the extent of two or more parts 
in 10,000. If this is not the case, it will be difficult to 
explain many of the habits of both men and animals. 

Viewing the subject from another point, it becomes in 
fact practically necessary to have this diminution. We 
cannot during sleep bear so much cold ; we breathe less, 
and must be kept more covered, and probably cannot 
therefore bear equal ventilation. In conformity with 
this, it is universally agreed that the temperature shall 
rule the, ventilation in domestic life — a law not [at all 
times] very bad, and in many circumstances quite 
sufficient. Could this measure be applied in mines? 
Could we use a fine thermometer so as to indicate the 
rise [of the temperature, and the need of more ventihir 
tion]? Mr. P. H. Holland proposes a differential ther- 
mometer with one bulb in the earth [of the mine]. But 
the value of this method would be limited to places 
in constant occupation. It would give no idea of the 
value of air which, although bad, had become cool and 
produced cold damp. [Air which has been rendered 
impure by combustion or breathing is heated, and rises ; 
after a while it cools. The advantage of the heating is 
that it becomes lighter, and rises to c.scape ; if this is 
not allowed it cools and falls, making, I suppose, what 
miners call ‘ cold damp.’ ] 

But let us ask the question — Will a loss of oxygen, 
amounting to -1 per cent., make any change in the 
respiration if its place is not supplied by a hurtful sub- 
stance (such as carbonic acid) ? According to quotations 
already made, the blood seems to have a reserve of 
oxygen. It is limited in its power of absorbing that gas, 
but if you give it more oxygen it can bear more carbonic 
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acid, as Liebig’s quotations from Begnault and Beiset 
prove. Every addition, therefore, of oxygen gives a 
corresponding amount of resistance to the carbonic acid 
poison. Every removal, therefore, takes away the power 
of resistance to some extent. 

On the other hand, the respiration is not affected sen- 
sibly by a small, or even by a considerable, diminution of 
oxygen, when the place of that gas is not taken up by 
others of a noxious character. The question, — Would the 
respiration or the health be affected if we lived con- 
tinuously in air with a diminished quantity of oxygen ? is 
not yet answered. It is against all our experience to be- 
lieve that such an active agent would remain without 
character in the presence of organic matter. The only 
dispute that can be on the subject will turn on the amount 
of elTect, whetlier, we may ask, will it be perceptible 
in days or years ? If the oxygen should be ozone, I am 
inclined to believe in the power of very minute quan- 
tities, and that they will be perceptible at once. I 
think most chemists will agree to believe this, whatever 
their theory of the substance called ozone may be. If, 
however, tlie oxygen is the common gas, the proof of any 
rapid effect is wanting, although it is clear that there ft 
no rapid injury. The question is not of much practical 
value, but it is very interesting theoretically. 

The value of air with a diminished amount of oxygen 
was discussed, because of suggestions to wash out the 
carbonic acid and other impurities, instead of trusting to 
ventilation alone in far I'ccesses of the mines. If the 
oxygen wliich moisture supplies were more than is 
required for breathing, might we not wasli out the air 
of the mine with lime or soda, and have air again as 
good as at first. Liebig advocates the use of lime in 
sleeping apartments. It occurred to Dr. llernays and 
myself to wash the air, and I made some experiments with 
that beautiful jet made by Sir Goldsworthy Gurney for 
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washing the ait supplied to the Houses of Parliament. 
The water passes from a narr 9 w tube and strikes a plate 
of metal, from which it is driven on every side in the 
finest ‘dust, as it is to appearance, or, as the inventor 
styles it, ‘Scotch mist.’ Caustic soda was supplied in 
this manner, but it was found that very small pieces of 
floating matter stopped up the tube, and that very clear 
liquids only could be used. Such could not always be 
found. However, experiments were made in the lead 
chamber. The practice was sufficient to condemn the 
system ; the floor and walls were covered with caustic 
soda or with lime, according as each was used, and tlie 
place was rendered too uncomfortable for daily life. 
The lime was used as milk of lime, and everything it 
touched was whitened. Lime-water was found to be too 
weak. 

The lime became carbonated at the mouth of the tube 
and stopped progress, but cloths saturated and covered 
with alkaline substances were used for an experimeqt. 

So far the question was answered without any uncer- 
tainty. A candle burnt better, as the diagram shows, and 
the air was rendered pleasant to breathe. Still it did not 
s6em advisable in mines to manufacture air in this way, 
and I concluded that when it was bad it was better to 
replace it by that which was good and fresh. 


SIMPLE TESTS FOR THE CARBONIC ACID IN HOUSES. 
The Method called Minimetric. 

TESTS FOR CARBONIC ACID AND OF VENTILATION. 

Although the only impurity in air is not carbonic acid, 
as a rule the most convenient chemical test for vontila- 
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tion of rooms rendered impure by exhalations from the 
person is the presence and quantity of this gas. It will 
be seen on another page * that baryta- and lime-water 
were tried for a long time in various ways, andjafter 
various stages became accurate in the able hands of 
H. Saussure ; simple, and in theory completely accurate, 
in the han3s of Dalton and Mr. Hadfield ; and at last, 
with the greatest refinement, used as scientific instru- 
ments by Pt ttenkofer. 

It is not pleasant to speak of the history of discoveries, 
as we so often find that much that seems new appears for 
the second time and not for the first ; but it is extremely 
improbable that Pettenkofer knew of Hadfield, and it is 
very probable that Hadfield, whom I long knew, ,could 
not have carried out the refined experiments of Pet- 
tenkofer. Besides, the use made of the instrument by 
the Munich professor is more important than the instru- 
ment itself. 

It was one of my duties, in connection with the Eoyal 
Mines Commission, to examine into the subject of tests, 
in order to find a simple method of determining the value 
of the air in mines. It was clear that my early test for 
oxidizable matter was valueless in such places, and Petten* 
kofer’s could not be used comfortably, or at least would 
not be used. More simplicity was required. There must 
be little to carry, little to do, and little to think of. 
Nothing better than bai yta or lime suggested itself. The 
comparison of precipitates of lime, as Dr. Boswell Eeid 
recommended, failed loi}g ago, because the precipitates 
changed in physical appearance ; but his mode of keep- 
ing the extent of the precipitate in the memory did not 
exactly fail, and was to be considered correct or other- 
wise, according to the memory, and according to the 
frequency of the experiment. 

Equal quantities of baryta- water were poured into two 
bottles ; air was blown into them from the lungs until a 

o 



pei^ttte fmrneJ, equal la both case,. Tbe 
•^at of preapitate was estimated by testing lie amount 
or baryta still in solution. When this was done several 
times by two persons, the results were almost absolutely 
the same. Next day, these same two performed the ex- 
periment, relying on the memory of the precipitate of the 
previous day; and the results were that the* oxalic acid 
required was 23‘7 cub. centims., 23 ‘2, and 23'2. The 
difference in one case is ’0005 gramme of carbonic acid, 
as every cub. centim. of the oxalic acid solution was 
equal to '001 gramme of carbonic acid. This was re- 
peated times without number, and served as a basis for a 
new mode of using the baryta- and lime-water tests. To 
this method of analysis I have given the name Mini- 
metric. We ascertain the smallest amount of air required 
to produce a precipitate of a given density. 

The same method can be employed to determine 
hydrochloric acid, sulphuric and sulphurous acids, sulphu- 
retted hydrogen, &c. 


Estimation of Caubonic Acid by Minimetric Analysis. 

• 1. For Definite Amounts of Carbonic Acid . — If we 
shake a bottle containing 044 cub. centims, or 23 ounces 
of common air, we obtain a precipitate such as that de- 
scribed above. Now, if air containing twice as much 
carbonic acid were to be put into the bottle, the preci- 
pitate would be twice as great, but we could not ascertain 
its value by the eye. We cannot even make a probable 
approach to it. If, however, we used a bottle just half 
the size of the first, the air being still twice as bad as the 
first specimen, we should have a precipitate exactly the 
same, because in fact the amount of carbonic acid would 
be exactly the same. If the air were four times as bad, we 
should then use a bottle four times smaller, and obtain a 
precipitate also exactly the same as the first ; ajid so on 
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down to the smallest dimensions. I go here in the belief 
that, although we cannot approach at all closely when 
endeavouring to obtain the comparative value of two 
precipitates, we can retain in the memory with great 
exactness the character of one precipitate of a given 
density. 

If, then, we wish the air of a place to be kept at any 
one given state of purity, we should require only to have 
a bottle corresponding to the amount of carbonic acid, 
and the trial could be made at once. This plan would 
not suffice for estimating the amount in any given air ; it 
would estimate only one amount ; but it would show 
clearly when there was more and when less. 

When it was found so easy to remember a certain bulk 
of precipitate, it became important to know what bulk 
would be the most easily remembered. Must it be a 
minute quantity, such as a chemist would call a trace, or 
must it be a quantity such as we should call milky? 
Neither sulFice. The first is too small for certainty ; the 
second has no translucency, or so little that we cannot 
judge of the amount that lies behind. The quantity will 
be expressed most clearly by saying that the liquid is 
turbid and stih translucent; but not so that you could 
read through it. Anyone may obtain it exactly by shak- 
ing a clear 23-ounce bottle with half an ounce of baryta- 
water in air containing '04 per cent, carbonic acid ; and 
this may easily and frequently be done to aid the me- 
mory. To be more precise, it is a precipitate obtained 
by throwing down baryta with •2515 cub. centim. of 
carbonic acid, or '00224 gramme carbonate of baryta 
freshly precipitated in half an ounce of liquid. 

Some may prefer less; any amount will do if it is 
uniform. 
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Table I. — To he used when the Point of Observation is the Precipitate 
described^ page 195. Half an Ounce of Bar y Water ^ containing 
about *08 Gramme Baryta, 

Air at 0^ G. and 760 millims. bar. 


Carbonic acid 
in the air, 
per cent. 

Volume of 
air in 

cub. centims. 

Size of bottle, 
in 

cub. centime. 

Size of bottle, 
in ounces 
avoirdupois. 

•03 

838 

863 

30- 

•04 

629 

644 

23- 

•06 

601 

610 

18- 

•06 

419 

434 

16- 

•07 

869 

374 

13- 

•08 

314 

329 

12- 

•09 

270 

294 

10* 

•10 

261 

260 

9- 

•11 

228 

243 

8*66 

•J2 

209 

224 

7-88 

•13 

193 

208 

7-32 

•14 

180 

lOS 

C-86 

*15 

1G7 

182 

6-40 

•10 

167 

172 

006 

•17 

148 

103 

6-74 

•18 

139 

154 

6-421 

•19 

132 

147 

6-17 

•20 

126 

140 

4-92 

•21 

110 1 

134 

4-71 

'^22 

114 

120 , 

4-64 

’23 1 

109 

124 

1 4-86 

-24 

104 

119 1 

4-19 

•25 

100 ' 

115 

404 

•20 

96 

111 

390 

•27 

93 

108 

3 80 

•28 

00 

105 

3*70 

’29 

87 1 

102 1 

S-69 

•30 

84 1 

99 

^ 3-48 

•40 

63 

78 

1 2-74 

•60 

1 60 

' 66 

2-28 

•60 

42 

67 

200 

•70 

36 

61 

1-79 

•80 

31 

46 

1-61 

•00 

28 

43 

1-61 

1-00 

26 

40 

1-40 

200 

12 

27 

•06 


Li Table I. all the information actually necessary is 
given. Column 2 is for fine measurements in cubic centi- 
metres, indicating the amount of air which will contain the 
carbonic acid necessary for producing the precipitate of 

• This size of bottle gives no precipitate in air with 04 per cent, 
cftrbohic acids 
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baryta when the proportion is according to any number 
in the first column. Column 3 is the same number, with 
the addition of 14'16 cub. centims., or half an ounce, 
which is the space occupied by the liquid. This, •then, 
gives the size of the bottle to be used. Column 4 also 
gives the size of bottle to be used, the numbers being 
avoirdupois ounces ; fractions are not in all cases given, 
and are not required so minutely as they are given. 

Perhaps in some cases it may be found more conve- 
nient to use those sizes of bottles which do not give any 
precipitate or milkiness when half an ounce of baryta- 
water is shaken up with the air in them. The sizes cor- 
responding to various percentages of carbonic acid are 
given in Table II. 

Table IL — To he used when the Point of Observation is * No Pre- 
cipitate.^ Half an Ounce of Baryta-Water^ containing about *08 
Oramme Baryta. 

Air at 0° C. and 760 millims. bar. 


Carbonic acid 
in the air, 
per cent. 

Volnme of 
air, in 

cub. centimB. 

Size of bottle, 
in 

cub. centims. 

Size of bottle, 
in ounces 
avoirdupois 

•03 

185 

199 

7-06 

•04 

139 

154 

6*42 

•05 

111 

126 

4-44 

06 

93 

107 

' 3'78 

07 

79 

93 

3-31 

•08 

70 

84 

2'96 

•00 

62 

76 

2’69 

•10 

00 

70 

2-46 

•11 

61 

65 

2*29 

•12 

46 

60 

214 

•13 

43 

67 

201 

•14 

40 

64 

1-90 

•16 

37 

61 

1-81 

•20 

28 

42 

148 

•25 

22 

36 

1-29 

•30 

19 

33 

1*16 

•40 

14 

28 

104 

•60 

11 

26 

•89 

•60 

9 

23 

•83 

•70 

8 

22 

•78 

•80 

7 

21 

•75 

•90 

6 

20 

•72 

100 j 

6*6 

19-7 

•70 



in order to use this Table, first in its application to 
ordinary circumstances in li/e, we may assume that a 
bottle holding 5 ’42 ounces will not give any precipitate 
in the air around houses if we live in a tolerably fair 
atmosphere. To try the experiment the bottle must 
be very wide-mouthed, so that we can put into it a rod 
covered with clean linen, and rub the sides dry and clean ; 
we must then fill it with the air of the place, either by 
blowing in air with a bellows, or, better, drawing the air 
out witii a pump, allowing that of the place to enter, or 
putting a glass or caoutchouc tube into the bottle, and 
inhaling the air out of the bottle, so that fresh may enter. 
No way is more exact than this, if care is taken not to 
breathe into the bottle. This care is not at all difficult 
to take, and no amount of apparatus can be more ac- 
curate than this method, if done intelligentlJ^ If the 
slightest amount of breath goes into the bottle, the process 
of rubbing clean and drying must be undertaken anew. 

"When the bottle is filled with the air of the place to 
be examined, add the half ounce of baryta-water, put on 
the stopper, and shake. If there is no precipitate, the 
air is not worse than *04 per cent. When it is desired 
lo ascertain if it really contains as much as ‘04, then a 
bottle holding 7 '00 ounces must be used. 

W e may be satisfied when the air around contains no 
more than 0-04, or it may be decided that a sitting-room 
shall not be allowed to contain more than '06, -07, or '10 
per cent. If the first, then a bottle holding 3'78 ounces 
is taken ; if the air does not contain above -06 per cent., 
there will not be any precipitate in the liquid. If it is 
allowed to contain '10 per cent. (1 per thousand), and on 
some evenings many houses wall contain this, then a 
bottle of 2'46 ounces is enough. 

If in workshops '25 per cent, is allowed, which I hope 
will never be the case, then a bottle holding 1-29 ounce 
is enough. 
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This plan does not enable us to make an analysis of 
air. The person to whom the care of the atmosphere 
would be committed would have only one bottle of the 
proper size, and would only require to see that the air 
never gave any precipitate with that size of bottle. The 
order might be given for any required purity, and by 
this test an uneducated man could tell when the amount 
of carbonic acid was too gi’eat. 

For a private house the rule would be not to have the 
air above ‘OT at most, better to have less. 

The baryta-water need not be of any particular strength ; 
a weak solution is sufficient. Tlie strength used is given ; 
but the i^recipitatc does not differ when the water is 
stronger. 

If, however, the water should be extremely weak, 
several times weaker than the above, there is a difference. 
The carbonate of baryta dissolves in the water to a very 
perceptible extent. The first precipitate made iir baryta- 
water even by oxalic acid, although very white at the 
surface where there is much acid and before mixing, 
disappears on shaking to a perfectly transparent and 
brilliant liquid. This applies to very weak solutions ; 
a solution five times weaker than the one given as 
an example would give incorrect replies on account of 
its weakness. 

Hitherto baryta has been spoken of, and it may well be 
asked why lime should not be preferred. The same pre- 
cipitate to all appearance may be got with lime-water. 
Tables III. and TV. are constructed for lime-water, on 
exactly the same principles as the fonner ones. It will 
be seen that lime is so soluble or so transparent that it 
requires three times more space or air from which to 
collect its equivalent of carbonic acid needful to produce 
the required opacity. This is, of course, an objection. 
Still, lime is to be had everywhere, and lime-water has 
not the poisonous properties ascribed to baryta-water. 
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Table III . — To he vsed when the Point of Observation is the Pre- 
cipitate described^ page 399. Half an Ounce of Lime-Water^ con- 
taining *0195 Gramme Lime, « 


Air at 0° C. and 760 millims. bar. 


Carbonic 
acid in the 


Volume of 
air, 

cub. centims. 


Size of bottles Size of bottle, 
to be used, in ounces 
cub. centims. avoirdupois. 


’ This size of bottle gives no precipitate in air with *04 per cent, carbonic 
acid. 
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EASIEST PROPOSED HOUSEHOLD METHOD. 


Tahle IV. — To he used when the Point of Observation is ‘ No Pre- 
cipitate.' Half an Ounce of Lime-Water ^ contaihing *0195 Gramme 
Lime, 

Air at 0® C. and 760 millims. bar. 


Carbonic acid 
in the air 
per cent. 

Volume of 
air, in 

cub. centime. 

Size of bottle, 
in 

cub. centime. 

Size of bottle 
in ounces 
avoirdupois. 

•03 

571 

584 

20.03 

•04 

428 

443 

1500 

•05 

342 

350 

1258 

•06 

285 

200 

10^57 

•07 

245 

250 

913 

•08 

214 

228 

8-05 

•00 

100 

204 

7-21 

•10 

171 

185 

6-54 

•11 

150 

170 

6-00 

•12 

143 

157 

5-53 

•13 

132 

140 

5-15 

•14 

123 

137 

4-82 

•15 

114 

128 

4^53 

•20 

80 

100 

3-52 

•25 

00 

83 

2^02 

•30 

57 

71 

2-51 

•40 

43 

57 

201 

•50 

34 

48 

1-71 

•00 

20 

43 

1-51 

•70 

25 

39 

1^30 

•80 

22 

30 

1-25 

•00 

10 

33 

M7 

1-00 

17 

31 

MO 


It is worth observing that the proportion of lime and 
baryta is nearly as their atomic weights. Perhaps more 
minute observation would make it quite the same. It was 
supposed that lead might give a similar proportion, but 
the texture of the precipitate was entirely different, the 
particles much larger. This prevented it being used in a 
similar way, and obstructed the theory as well as the 
practice so far. 

One of the main advantages of this process is that it 
requires no weighing and no measuring, and we may 
almost say no thinking ; this idea is, perhaps, more fully 
carried out with the lime than with the baryta water. 
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Lime-water may be prepared of the same constant strength 
so closely, that we may neglect the difference. Burnt 
lime is slacked with water and dissolved by shaking. It 
is thoti kept in a bottle to stand till it is clear. With 
baryta we are apt to make the solution unnecessarily 
strong, and so waste it, but the experiment will still be 
the same. Lime-water is common, but baryta-water could 
also be prepared cheaply if there were a demand for it. 

The use of this method woidd enable us to distinguish 
air in this manner ; we could say, this is 6-ounce air, that 
is 4-ounce air, that is 2-ounce air; meaning that 6, 4, 
or 2 ounces of it cause a precipitate in baryta-water ; and 
any person would understand it, and prove it easily, 
whilst vjals so often seen in cottages might be converted 
into scientific instruments for sanitary purposes.^ The 
clear lime-water ought to be drawn out of the bottle by 
a pipette holding the quantity. 

2. For all Amounts of Carbonic Acid, the Bulk of Air 
varying . — If it be desired to ascertain the amount of.car- 
bonic acid in air of which we know nothing, the following 
less simple apparatus is proposed : — 

An elastic india-rubber ball may be made to contain 
ahy given amount; lot us suppose two ounces. When 
we press it in the hand we can drive out the whole air, or 
at least nearly the whole ; we let it go, and it fills again. 
If a tube be fitted to it we can drive the air which has 
gone into the ball through baryta- or lime-water, and 
obtain the precipitate spoken of at the beginning. It is, 
however, preferable to cause the air to pass through the 
baryta- or lime-water before entering the ball ; and this 
can easily be done. If the air be pure, it will require 
so many more balls to be emptied ; if impure, a smaller 
number. 

' The rule may be so stated : Let us keep our rooms so that the air gives 
no precipitate when a \0^-ounce bottle full is shaken with half an ounce of 
clear lime-water. 
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If a ball with a simple tube is used for blowing into a 
liquid, that liquid is drawn up as soon as the ball ex- 
pands, and many fillings cannot be made without incon- 
venience. If, however, a valve be placed between the 
liquid and the ball, there can be no return. This is the 
case in the tube A dn the annexed figure ; connected 
with the ball, there is a valve such as is used in air- 
pumps, preventing all entrance of air, but allowing it to 
pass out. Then, again, on tube B there is a valve of the 
same kind, preventing all egress of air, but allowing it 
to enter. Tlie little instrument is therefore in reality an 
air-pump and a condenser. The air passes in at B, and 
goes out at A. 



It is well to use always the same amount of solution, 
which may be, as in the previous method, half an ounce. 
If this liquid is put into an open vessel there is an escape 
of the carbonic acid, which ought to be retained, and also 
a collection of some from the atmosphere, which ought 
not to be absorbed. It is better, therefore, to use a bottle 
as at C, with a small entrance-tube. 
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The bottle should have the same capacity as the ball 4- 
the space required for the liquid. Previous to com- 
mencing the experiment, it must be filled with the air of 
the place ; this is done by one or two pressures of the 
ball. The liquid and cork are then put in their places, 
and the whole shaken up. That counts for one ballful 
of air. The ball is then emptied by pressure, and allowed 
to fill itself again through the bottle. The fresh air gives 
up most of its carbonic acid in passing through the 
liquid ; but as a little remains unabsorbed, the bottle is 
well shaken, so that the liquid may absorb all the car- 
bonic acid. The operation is repeated until the desired 
precipitate is obtained. The number of ballfuls being 
counted, on referring to a Table such as the following, 
the percentage of carbonic acid is at once obtained : — 


Table V. — With Baryta-Water, Air at 0° C, and 760 millims, bar. 


Number of strokes of the 
fingor-pump. 

Per cent, of carbonic 
acid indicated in the 
air. 

Actual amount of car- 
bonic acid in the air of 
the ball, in cub. centhns. 

1 

•444 

•2616 

2 

•222 

•1267 

;3 

•148 

•0838 

4 

•111 

•0629 

6 

•088 

•0503 

0 

•074 

•0419 

7 

•003 

•0369 

8 

•056 

•0314 

0 

•049 

•0279 

10 

•044 

•0251 

11 

•040 

•0229 

12 

•037 

•0209 

13 

•034 

•0193 

14 

•032 

•0180 

15 

•029 

•0167 


This Table is constructed for a ball of 2 ounces ca- 
pacity ; but of course any size of ball may be used, and 
a table constructed to suit it. For inferior air, above 
•07 per cent., it is found advisable to use a ball of half 
the, size. 
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We might call the apparatus a finger-pump, if no better 
name is suggested. 

In using this ball it is well to observe the method by 
which the points of the fingers press into the centije. If 
this is followed, the whole of the air may practically be 
driven out. The baU is thus divided into two parts : “Dne 
part is pressed between the palm of the hand and the 
finger ; the other is pressed between the surface of the 
nails and the first joint of the thumb. 

This apparatus requires a little experience to produce 
confidence. Assistants have tried it along with Petten- 
kofer’s method, and obtained remarkably accurate ana- 
lyses, with fewer errors. I have not yet used it in 
scientific mvestigations, and scarcely even practically, 
although with observing persons it is worthy, as I believe, 
of all confidence, and especially if used daily, as in cerUiin 
proposed inspections would be the case. 

Por practical purposes the state of the barometer may 
be neglected. 

3. The Bulk of Air fixed, the Lime-water varying . — 
There are many ways of ascertaining the amount of c-ur- 
bonic acid in the air with great precision. An expe- 
rimenter may make any one of them perfect, if he will 
only continue to use it until familiarity ensues. Lime- 
water may be used according to Table VI. 
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Table VI . — Neutralisation with Lime-^ Water} Capacity of Bottle^ 

50 ounces. 


Air at 0° C., and 764) millims. bar. 


Carbonic acid in 

Quantity of lime- 

1 Carbonic acid in 

Quantity of lime- 

the air ‘per cent. 

water required. 

the air, per cent. 

water required. 

•03 

grs. 

120 

•16 

grs. 

699 

•04 

160 

•20 

798 

•05 

200 

•26 

998 

•00 

239 

•30 

1197 

•07 

270 

•40 

1506 

•08 

310 

•60 

1005 

•01) 

350 

1 *00 

2394 

•10 

399 

•70 

2793 

•11 

439 

•80 

3192 

•12 

470 

•90 

3691 

•13 

519 

100 

3990 

•14 

559 




Here it is proposed that a bottle of 50 ounces capacity 
should have attached to it a flexible ball filled with a 
kuown quantity of lime-water. A little is squeezed into 
the bottle, and shiiken about until it becomes neujral ; 
again a little more ; and when there is no more carbonic 
acid to render more lime neutral, the operation ceases. 
But how are we to know when the liquid is neutral ? 
Qf the many substances tried for this, perhaps turmeric 
was the best — a little bit of turmeric paper floating on 
the liquid itself. One of my assistants, Mr. Clement 
Higgins, tried the tunncric in this way, and became very 
familiar with its use. The operation, however, was slow, 
and not satisfactory to me, although it can be made 
excellent with patience andattention. 

The plan is not correct for large quantities of carbonic 
acid, because the liquid takes up so much of the vessel. 
This could be avoided by emptying it into another elastic 
ball ; but I have not cared to employ it so. 

The solution used by this method was lime-water ten 

» The lime-water used is the ordinary lime-water diluted with 9 volumes 
of pure diiitillod and fresh boiled water. 
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times diluted. The manufacture of lime-water is a very 
good method of obtaining a pretty exact strength of a 
liquid without weighing.* The lime-water which has 
plenty of lime at the bottom remains much the same. 
There is a little change occasionally ; it would be well to 
determine the exact cause, and we might perhaps be able 
to start from the point of saturation, even for the most 
exact researches. The following results were obtained : 
— four bottles of lime-water took of oxalic acid — 



Cub. centims. solution. 


1st 

2nd 

3rd 

4 th 

April 7, 12“ C 

19*5 

19(5 

19*5 

19(5 

After two days, C° C. 

19*4 

19;.5 

19-3 

19*4 

„ „ 8“-4 0. . . 

20-0 

]9-8 

201 

]99 

„ „ ir,“C. . . 

l'.)-9 

20*05 

20*1 

20*1 

„ „ 13“ 0. . . 

l<.)-9 

19-9 

19-9 

19‘9 

19*9 

19*9 

19*9 


This shows that for the precipitate, on the plan of 
Tables I. and III., lime-water is more than necessarily 
constant, and even enough for Table VI., and may be used 
in some cases to save the punJiase of a balance. 

Some years ago I proposed rosolic acid as an agent fyr 
ascertaining neutrality. It shows the neutral jmiut with 
extreme sharpness when oxalic or any liquid acid is used, 
and we can tell to a small drop when to cease jmuring. 
If all caustic solutions were coloured with it, it would 
help to point them out, and serve also instead of litmus 
or turmeric. I did not obtain such successful experi- 
ments as I could have wished when trying it with car- 
bonic acid lately. The last traces of colour arc dilFicult 
to remove ; I hope to bring it on further some day. It 
is cimious that lime- or baryta-water take up carbonic 
acid much less readily when rosolic acid is present. The 
latter portion of the experiment is affected chiefly when 
the solutions become weak. It is as if the resinous 



20S 


Am. 


character prevented absorption; when a Hquid is used, 
such as oxalic acid in solution, the rapidity of action is very 
great, the same resinous quality causing the rosolic acid to 
shrinli into its shapeless and colourless state with great 
suddenness. 

It may, however, be remarked that weak solutions of 
baryta and lime take up carbonic acid very slowly of 
themselves, although rosolic acid renders the absorption 
still slower. 

MANOANATES AND PEEKATES AS TESTS POE CAEBONIC 

ACID. 

In a former paper I mentioned that the carbonic acid 
of the air was capable of being estimated by observing 
its action on manganates. The green manganate was 
prepared in the usual way, or by adding caustic alkali to 
the so-called permanganates, which, however, from this 
action appear rather as bi-manganates. The amount of 
acid required to convert the green to red may be found 
readily by a solution of test acid, and the equivalent for 
(larbonic acid calculated. The plan already described, 
with a ball from which the manganate is pressed, suits the 
test very well when the ball contains nothing which 
affects the salt. If the baU is objected to, we may adopt 
another method. This plan consists simply of a graduated 
tube like a pipette fitted into the cork of the bottle ; a 
small quantity is allowed to flow down when required, 
and when the liquid begins to become purple, there 
being no more carbonic acid to render it red, the ex- 
periment is finished ; the amount used is read on the 
graduated tube. 

At Mr. Hutchinson’s alkali works I obtained from 
Mr. Powell a salt of ferric acid accidentally formed. It 
was analysed by Dr. Eoscoe. This salt was expected to 
be still more sensitive to organic matter than chameleon. 
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It was sensitive certainly, but it decomposed rather 
rapidly in light. It can, however, be used both for car- 
bonic acid and oxidizable matter, in the same manner as 
the manganate. The action on light is, howeven, not 
quite sufficient to make the salt a good photometer. 
The objection to it for carbonic acid is that it does not 
keep well. 

The aspirator may be used for drawing the air tlirough 
any of these solutions, and either the ball apparatus or 
two small bottles for not very refined experiments. Even 
one bottle may be used with great safety, if it is covered 
from the air, and the speed not very great ; the exact 
measurement of the air must be obtained. This jiroposal 
appears like a return to Dr. Eeid’s carbononieter, made 
somewhat more convenient and elegant, although not 
exactly quantitative, as I once thought. 

There may be varieties of tastes, but I expect the first 
and second, or third and fourth, methoils to be very much 
used ; they are very simple. It is quite possible to add 
many other methods and modifications, but I know of 
none so simple as these. 


ON SOME PHYSIOLOGICAL EFFECTS OF CADBONIC 
ACID AND VENTILATION. 

In a report on the air of mines and confined places, there 
was given a chapter on the action of the pulse when 
carbonic acid accumulated in the air. It is proposed to 
repeat that chapter, and to supplement it with additional 
experiments. The experiments, when not otherwise ex- 
plained, were made in an air-tight lead chamber described 
in the report alluded to. It may be well first to show 
the amount of carbonic acid exhaled. This will be done 
by giving the amount per cent, in the air of the chamber. 
This experiment was the beginning of the inquiry. I 

p 
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expected that the amount of carbonic acid exhaled would 
diminish, and with it the amount of strength in the 
muscles ; but the last point could not be reached by the 
methods employed. The amount of oxygen used is for 
the time the same, although there is less in the atmo- 
sphere. I shall not pretend to say how the health is 
affected further than this, that a change is observed in 
the respiration and the pulse. I must leave physiologists 
to find what mischief this will ultimately cause; but I 
cannot doubt that the circulation is diminished, and that 
the lungs endeavour to compensate for this by more 
rapid action. How much each person can bear of this 
change will depend on circumstances which, it appears 
to me, ca.nnot at present be estimated. 


Table B.— 

After 20 minutes 

■One Person in the close Chamber. 

Carbonic acid. 

1st day. 2nd day. 

. . *18 per cent. . *19 per cent. 


40 „ 


. ‘32 

ff 

. -36 

ft 

ff 

1 hour . 


. -49 

tf 

. *49 

tf 

ff 

80 minutes 


. '02 

ff 

. -64 

tf 

V 

100 „ 


. -74 

ft 

. -75 

ft 

ff 

2 hours . 


. *88 

tt 

. -89 

ft 

ft 

140 minutes 


. 1-00 

tt 

. 1'03 

ft 

If 

ICO „ 


. 1-20 

ft 

. 1-22 

ft 

ft 

3 hours . 


. 125 

tf 

. 1-34 

tt 

It 

200 minutes 


. 1'52 

ff 

. 1-48 

ft 

f) 

220 „ 


. 1-54 

ff 

. 1-60 

tf 

ft 

4 hours . 


, — 

ft 

. 181 

ft 

tt 

2G0 minutes 


. — 

tt 

. 1*98 

ft 

ft 

280 „ 


. — 

tt 

. 210 

ft 

ff 

6 hours . 


. — 

tt 

. 2*26 

ft 


I have not had time to attend to the full explanation 
of each experiment, and some require a continuation of 
the enquiry ; but this one must not be passed over with- 
out special notice. The amount breathed every hour is 
the same — ^no matter whether there be '04 or 2 per 
cent, of carbonic acid in the air, and no matter although 
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there be 20*94 or only 18*8 of oxygen. This is strongly 
corroborative of the views taken by Liebig, but otlier 
circumstances tend on the other hand to show that 
this state of things is kept up by some altcrtition, 
to say the least, of other vital functions. There must of 
course be a limit, but I was afraid to go farther than I 
went. In one experiment the breathing was changed 
from 16 inspirations per minute to 22, tlie pulse fell 
from 76 to 55, whilst it was so weak that it was difficult 
to find. My assistant was in the cliamber this time ; 
I requested him to attend to his pulse and breathing, 
as on another occasion when there was still more car- 
bonic acid in the air, namely, 3*9 per cent, my breathing 
rose up to 26 inspii*ations, and my pulse became so weak 
as to cause alarm. This had hap})ened so regularly that 
it must be put down as tlie result of poisoning with 
carbonic acid. On one occasion there was a compara- 
tively large amount of oxygen in the room, viz. 20*1. 
The carbonic acid had been driven in upon fre.sh air, 
and no oxygen removed. Even liere the pulse was 
weak, although the breathing was not very difficult, 
and the candles burnt moderately well. 

The conclusion is, that in the air containing an in- 
creased amount of carbonic acid, tliis gas jilone, even 
without the other hurtful ingredients, such as organic 
matter, begins to poison in the manner indicated, and 
men exposed to it are really gasping for breath without 
knowing it. 

As I came on this result at the end of the enquiry into 
the composition of the air of mines, it is not easy to do 
it jiustice. We learn much from it. We learn that the 
blood can take its oxygen out of very impure mixtures ; 
but we learn also that some functions are meantime 
suffering greatly. It is, to my view, a most important 
thing to show that with an amount of oxygen not less 
than is found in the air of some mines, and an amount 
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of carbonic acid actually less, such extraordinary changes 
should result in the function^ of a healthy man. We 
want no other experiment than this to prove great evil 
arising from impure air, either in mines or elsewhere. 

In order to make similar trials in a shorter time, five 
persons entered the lead chamber, expecting to have in 
one hour efiects similar to those obtained by one person 
in .five hours. The figures are here given ; it is seen 
that they are not exactly the same as previously. Time 
causes us to yield, although we may struggle against 
the evil influences for an hour or so. The pulse begins 
to be irregular very soon, and certainly when the air 
contains *4 per cent, of carbonic acid, in three cases 
only *2. It rises and falls, but at last begins to fall. The 
weakness is to be remarked. 

With the younger it rose rapidly at first; this seems 
to indicate the more rapid struggle for life ; with the 
more advanced it was a steady determination not to be 
changed by external circumstances, although they gradu- 
ally caused a change at last. 

These figures will probably induce many other persons 
to continue the enquiry. 

May it not be useful to lower the pulse by this method 
in some cases ? If so, must the experiment be tried 
with pure carbonic acid? IIow much was due to the 
carbonic acid, and how much to organic matter ? All 
these arc interesting questions, the answers to which are 
begun, and in them, so far as they go, we see the efiects 
due to the want of ventilation. 
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Table C . — Beats of the Pulse. Five Persons in the Chamber. 
Observations every 5 minutes. 



A 

B 

C 

D 

E 

Temp. 

To bedn 



60 

78 

84 

70 

73 

OS® F. 

After 6 minutes 


GO 

70 

90 

70 

72 



10 

ff • 


69 

76 

90 

76 

72 


ff 

16 

ff * 


72 

74 

91 

74 

70 


ft 

20 

ff * 


70 

74 

89 

74 

72 


f) 

26 

ff * 


79 

77 

91 

71 

74 


jf 

30 

ff * 


74 

81 

89 

70 

71 



36 

ff • 


78 

79 

87 

74 

08 

72® F. 

* ji 

40 

ft * 


73 

7G 

89 

76 

70 



46 

ff 


70 

70 

90 

73 

72 


ff 

60 

ff • 


74 

72 

89 

72 

71 


ff 

65 

ff • 


70 

73 

89 

72 

70 


1} 

GO 

ff • 


GG 

73 

88 

73 

72 


fi 

G5 

ff • 


GG 

74 

88 

72 

70 


ff 

70 

ff * 


G9 

! 73 

8G 

71 

69 


ff 

76 

ff * 

‘ I 

70 

70 

86 

71 

70 


ff 

80 

ff • 


73 

70 

80 

70 

09 


ff 

coming out 6 minutes 

GG 

G8 

89 

G8 

G8 


ff 

3 hours 


. 

03 

74 

84 

74 

73 


ff 

ff 

• 

• 1 

G1 

76 

86 

74 

73 





Number of JRcspirations, 



Normal . 



20 

16i 

22 

20 

20 


After 33 minutes 


24 

KiJ 

26 

20 

26 



58 

ff 

, 

23 

17 

25 

22 

24J 


On coming out after 5 min. 

20 

IG 

23 

19 

21 



After 5 minutes. 
Organic matter not pleasant. 

After 15 minutes. 

A. Pulse stronger and quicker. 

13. Irregular pulse, but strong. 

C. Weaker, and already difficult to feel. 

D. Same to the feeling. 

E. Much weaker. 

After 25 minutes. 

A. Stronger. 

B. Irregular. 

C. Irregular and weak. 

D. Irregular. 
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A/ter 45 minutes. 

Organic matter less sensible than at first to the majority. 
D feels air to be bad. 

After 50 minutes. 

A can scarcely feel his pulse ; several attempts made 
to count It. Still feels quite well. 

B begins to fell head uneasy. 

C feels his heart beat more than usual. 

D. Pulse weak. 

E. Pulse very weak. 

Here every one was observed to be sighing, although 
all were cheerful. 

After 60 minutes. 

B. Flushed. 

0 and D. Headache began slightly. 

The effect of company perhaps prevented the lowering 
of the pulse by keeping the mind cheerful. 

The force of the pulse is shown to be lessened ; to what 
extent has not been measured. 

. This experiment differs from that on Table D. The 
impure air was formed five times more rapidly, but the 
results were not so perceptible. It would appear that 
we can resist for a short time when we cannot resist for 
a long time. 

The irregularity of most of the pulses is apparent. 

A was the youngest, being about 17, and having a 
naturally low pulse ; his was raised. 

B was about 21 years old ; his pulse went lower, then 
higher, then finally lower. 

C, about 24 ; his pulse went higher, then sank to 
nearly its usual point, but he was the most affected in 
sensation. 

H, 27 ; his pulse went higher and then lower. 
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E, 47 ; his pulse went lower, higher, and lower, but 
he felt no discomfort ; forehead began slightly to warm. 

It is remarkable that the breathing increased in all 
cases, and tliat it went back to its normal amount veiy 
rapidly. 


Table D . — One Person in the Lead Chamber, Respiration and Beats 
of the Pulse taken every 10 minutes. 


Time. 


Pulse. 

Pespiration. 

Temperature, 

Celsius. 

Carbonic acid 
in tlie same 
periods. 

h. m. 

10 65 


73 

15-5 

18*2 

'04 

min. 

After 10 . 


73 

16 

18-2 

'114 

„ 20 . . 


72 

16 

18*2 

• -187 

„ 30 . . 


71 

17 

18*4 

•261 

„ 40 , . 


71 

16 

18-4 

'336 

60 . . 


70 

16 

18-6 

•408 

„ 00 . 


68 

16 

186 

'482 

„ 70 . . 


67 

16-6 

18*7 

•666 

ff 80 , « 


67 

17 

18-8 

'629 

„ 90 . 


66 

17 

189 

'703 

„ 100 . 


66 

18 

190 

'777 

„ 110 . . 


66 

18*6 

190 

'860 

„ 120 . 


64 

19 

190 

•924 

„ 130 . 


63 

19 

19-2 

'997 

„ 140 . . 


62 

19-6 

191 

1071 

„ 160 . 


62 

20 

191 

M46 • 

„ 160 . 


62 

20 

191 

1*218 

„ 170 . . 


61 

20 

191 

1-202 

„ 180 . 


60 

21 

191 

1*366 

„ 190 . 


60 

22 

19-2 

1*439 

„ 200 . 


69 

23 

19-2 

1-613 

„ 210 . 


68 

24 

19-4 

1-687 

„ 220 . 


67 

24 

19-4 

1 601 

„ 230 . 


67 

24 

19*4 

1*734 


Table E. — When the door was opened. 


Time. 

Pulse. 

Respiration. 

After 10 minutes 

69 

22 

„ 20 „ . . 

69 

19-6 

„ 80 ,, 

60 

19 

„ 40 „ . . 

60 

18 

„ 60 „ . . 

60 

17 
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Table F . — Sitting quiet for an hour in the Lead Chamber in pure air. 


Time. 

• Pulse. 

Respiration. 

4h 5o« 

76 

17 

After 10 minutes 

76 

17 

„ 20 „ . . 

76 

J7 

30 .. • • 

76 

17 

•I ^0 II • . 

77 

17 

•1 60 II . . 

76 

17 

9) 00 ,, . . 

76 

17 


Erom this we learn that the same quiet condition in 
pure air produced no change. 

Experiments B, C, and D, on the beats of the pulse, 
seem decisive. The air affects the pulse when the ven- 
tilation is such that the amount of carbonic acid reaches 
'18. The question of carbonic acid and organic matter, 
viz. which is the most hurtful, must be decided by other 
experiments. My belief is that much is due to the car- 
bonic acid, because the progress of the pulse downwQrds 
is so regular, and I believe that the organic matter docs 
not increase so regularly. This may not be true at the 
temperature given, and is another point to be ascer- 
tained. 

But, leaving out all the details, the great broad fact 
remains, that carbonic acid and other emanations from 
the person diminish the circulation, and hasten the re- 
spiration, and that the effect is perceptible in a very short 
time when the percentage of carbonic acid reaches *18, 
or say one-fifth of a per cent, certainly. If, however, we 
do not wish to infer too much from one beat of the 
pulse, let us, for rough practice, say ^ per cent. We may 
infer also that smaller quantities will show their conse- 
quences after a longer time. 
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EFFECT ON THE PULSE AND BREATHING. 

Artificial carbonic acid being inhaled along with tho organic exhalations 
of the body, 

1 •per cent of Carbonic Acid. 


Pulsations. 

C8. 

After 5 minutes .... 68. 


9) 

12 

to 



. 68, 

70, 70, 70, 69, 70. 

99 

22 

to 



. 70, 

70. 

99 

30 

to 



. 68, 

08, 66. 

99 

34 

to 



65, 

65, 66, 66, 66. 

99 

42 

to 



67, 

68. 

99 

51 

to 

. • 


66, 

66. 

99 

GO 


• 

• 

W, 

63, 63, 63, 63, 63. 



2 

per cent of Carbonic Acid 






Pulse. 

Inspirations. • 







18 

After 

5 

minutes 

. 64 


19 

99 

10 


99 

. 66 


19 

99 

16 


99 

. 66 


20 

99 

20 


99 • 

. 64 


20 

99 

26 


99 

. 63 


21, pulso very weak. 

99 

30 


99 • 

. 62 


21 

99 

36 


99 • 

. 63 


21 

99 

40 


99 • 

. 64 
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99 

46 


99 * 

. 63 


22 

99 

60 


99 • 

. 62 


22i 

99 

66 


99 • 

. 60 


23 

99 

GO 


99 • 

. 61 


23 

99 

G5 


99 

. 60 


231 

99 

70 


99 

. 60 


231 



2 1 

minutes after coming out 68. 



Here the pulse was very much affected even in the 
number of beats, but the effect was observed principally 
in its great weakness : it sometimes tried to recover its 
number, but this was not observed to take place with 
regard to the strength. 


3 per cent of Carbonic Acid, 



Pulse. 

Inspirations. 


67 

17 

After 10 minutes 

67 

21 Acidity perceptible 

>» 99 

66 

21 to the smell. 

99 20 „ 

03 

22i 

„ 27 „ 

62 

23 
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Here the pulse became so weak that it was difficult to 
count the beats. There was also a very unpleasant feel- 
ing. The door was opened, and two other young men 
entered. Of course a good deal of carbonic acid was 
removed, but not more than from | to ^ per cent. In 
ten minutes the pulse of the eldest, B, fell from 

79 iHspirfttions rose from 18 

to 76 to 22 

Unpleasantness felt. 

Here, as in the experiment recorded previously, the 
pulse of A rose. 

At first it was 63 Inspirations 21 

It rose to 09 rose to 26 

A’s pulse very feeble. There is always a slight rise at 
the beginning. This rise was- very decided in the case 
of A. It always results in a fall, and would no doubt 
have done so in this case had A remained longer. This, 
however, would not have been safe, as, even in these 
two minutes, his pulse was almost imperceptible, and he 
could not count it himself. 

In the above cases the persons who breathed sat in 
the lead chamber, and of course the organic matter from 
their bodies escaped into the air around them. Still we 
know that the organic matter would not produce these 
effects without the carbonic acid, simply because wlien 
we remain in the chamber much longer without pouring 
in carbonic acid the pulse does not become so weak, 
whilst the organic matter is of course accumulated to an 
extent much greater than it could have been with arti- 
ficial carbonic acid. 

Whilst I gave abundant credit to the organic matter 
for doing evil, I could, not refuse to blame the carbonic 
acid ; but as a friend was still dissatisfied Mrith the argu- 
ment if applied to smaller amounts of carbonic acid, the 
following experiments were made. In them the organic 
matter is entirely excluded. For the first, in which I 
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per cent, of carbonic acid was mixed with the air, several 
aspirators of flexible material were filled with the mix- 
ture, and the air was’ inhafed from the aspirators by the 
mouth, whilst it was exhaled from the nostrils. The 
carbonic acid was made from bicarbonate of soda, and 
passed through a solution of bicarbonate of soda to 
remove mineral acids. 


With 1 per cent, of Carhonic Acid, 


After 2 minutes 

Pulse. 

(>6 
. 07 

After 14 minutes 
,, 16 

Pulso. 
. 66 
. 04 

4 

)y 

. 67 

„ 18 

n 

. 64 

« <3 

f 

. 68 

„ 20 

ft 

. 64 

„ 8 

i) 

. 67 

,, 22 


. 63 

„ 10 

)i 

. 68 

„ 20 


. 63 

„ 12 


. 07 



In this experiment the difficulty of supplying air was 
felt to be considerable ; and the respirations having be- 
come less agreeable and regular, they were not counted. 

In order to remove all difficulty, the lead chamber 
was charged with the mixture to be breathed, and the 
operator sat outside inhaling the air through a wide tube 
with ease. Of course a similar amount of air entered, 
and this was supplied through some small chinks, which 
were not carefully filled up. The change taking place 
in the air of the chamber from this latter cause only 
would scarcely be perceptible in half an hour, and then 
it would be against the success of the experiment. The 
uniformity of results is therefoi'e very remarkable. 


With *5 per cent of Carhonic Acid, 

Fulse. Inspirations 

76 ... 17 


5 minutes 

. 76 

10 „ 

. 76 

16 „ 

. 76 

20 „ 

. 73 

26 „ 

. 71 

80 II . 

. 71 

36 II . 

. 71 

40 

. 71 



. 24 
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With ’25 per cent, of Carbonic Acid. 





Pulse. 

Inspirations. 




' 70 

. 17 

After 6 minutes 

• 

. 72 


„ 10 

)} 

• 

. 73 


„ 16 

f) 

• 

. 72 

. 19 

„ 20 

tt 

• 

. 70 


„ 26 

W 


. 69 


„ 30 

}f 


. 69 

. 21 

Here a disturbance is 

seen 

at once. 

more fully in the 


breathing. Owing to the mode of draining the reservoir 
of air breathed, it would not have been fair to proceed 


further. 








With *1 per cent of Carbonic Acid. 





Pulse. 

Inspirations. 





73 , 

. . 18 

After 

5 minutes 


. 72 


f9 

10 

yy 


. 73 



16 

yy 


. 73 

. 19 

yf 

20 

yy 


. 72 


yy 

25 

yy 


. 71 


yy 

30 

yy 


. 72 


yy 

35 

yy 


. 73 

. 19 • 

yy 

40 

yy 


. 73 


yy 

45 

yy 


. 72 

. . 19 


Ayerage 


. 72-4 

18*76 


Here there is a disturbance perceptible of two on the 
pulse ; and I may say that the experiment is scarcely fair 
after 25 minutes. The disturbance on the inspirations is 
more uniform. It is, for example, more perceptible than 
in the next case. 

Pure air was breathed in the same position as in the 
previous cases, D sitting outside the lead chamber, which 
had been well ventilated. This experiment was made in 
order to ascertain the influence of breathing through a 
tube, as it was feared lest some mechanical difficulties 
might have interfered with the value of the trials. The 
result shows that no such difficulties occurred. There is 
ft little diversity of one above and one below the average 
nf the puls^ and the breathing is a little lower in one 
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case, instead of being resolutely higher as in every other 
case given, even when so little as one-tenth of a per cent, 
of carbonic acid was used. * 

Ordinary Atmosphere in the Lead Chamber; breathing through the 
tubes as before. 


After 6 minutes 

Pulse. 

74 
. 74 

Inspirations. 

. 18 

„ 10 


. 75 


„ 15 

}f • 

. 74 

. 18 

„ 20 

V • 

. 74 


„ 25 

» 

. 75 


„ .-50 


. 74 

. 8 

„ 35 

)f 

• 74 


„ 40 

if 

. 74 


„ 45 

1) • 

. 73 

. 17 

„ 50 

if • 

. 74 

, 

„ 65 

if 

. 74 


„ (50 

if 

. 75 

. 18 

Average 

• 

. tFT 

- 17^ 

report on 

the air 

of mines 

I discussed questions 


relating to the absorption of oxygen and poisoning by car- 
bonic acid, quoting several opinions of eminent chemists. 
The important point is this : How can the blood be in- 
fluenced by a diminution in the amount of oxygen to the 
extent of •! or even 1 per cent. ? Liebig *says, ‘ In a 
closed space 8 feet long, 9 feet high, and 8 wide a man 
could not breathe 24 hours without unea.siness.’ This is 
equal to living about 6 hours and a half in my lead 
chamber ; and in that time, by sitting quietly, we may 
avoid uneasiness ; but the air will be very bad, candles 
will scarcely burn, some will go out, and any person 
entering suddenly will feel unwell. When the air gradu- 
ally deteriorates, nothing striking is observed ; the senses 
fail to guide us well. If we look at the important total 
acts, the circulation of the blood and the respiration, we 
find that death has begun, so to speak, and the life is 
going out as quietly as the candle. 

Nearly all the usual experiments on breathing in 
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impiire air have been made violently and not with small 
amounts of impurity, or during a very long interval 
of time ; a rabbit has been killed in a few minutes, and 
the same air has been breathed until it has attained its 
maximum impurity. (See p. 179, &c.) 

The danger to life of any amount less than 4 per cent is 
not immediate when the person is healthy, as trial showed. 
The constant lowering of the pulse, even in much less im- 
pure air, must have a gradual effect on the vitality ; which 
effect will be seen in some persons in a few hours, in 
some after days, and in others perhaps years. It is pro- 
bable that to live during the whole 24 hours of the day 
in any air containing above 1 per cent, would bring 
results on the health very rapidly ; but no men are ex- 
posed to th’''\ so far as I know; the usual exposure is 
only for three*^ four hours, seldom during the whole 
working time ; and even with this the pulse is kept 
permanently low, as will be seen in Dr. Peacock’s report. 

Now comes the question : If the oxygen of the air *is 
taken into the blood by chemical affinity, why should 
the presence of carbonic acid affect it, and why should it 
be a matter of importance whether the amount of oxygen 
be small or great in the air breathed ? 

1st. The absorption cannot be Avholly chemical ; it 
must follow the physical latvs of absorption, if we may 
so call them. It will be in proportion to the bulk of the 
two gases presented to the liquid. The smallest increase 
of either gas will make a difference. 

2nd. If the absorption were purely chemical, knowing as 
we do that the Avovk of absorption must be done rapidly, 
the amount absorbed must still depend on the amount 
presented. 

3rd. In either case it will require a certain quantity 
of oxygen to drive out the carbonic acid. 

If blood contains 10 per cent, of oxygen and 5 of 
carbonic acid) add one per cent,, or one-tenth, or one- 
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hundredth per cent, of oxygen more, and a certain 
amount of carbonic acid will be removed. 

Viewing blood as a liquid like water, this would be 
the case, I suppose, if we gave it time. Viewing it as a 
chemical solution, it would be still more the case. If 
we add oxygen to protocarbonate of iron in water, the 
carbonic acid is driven out in proportion to the rapidity 
with which the oxygen is absorbed, and of course the 
oxygen is absorbed with greater rapidity if the liquid 
contains less carbonic acid. 

If, again, we view the blood and the membranes rather 
as porous bodies, wc have the question still more clearly 
answered ; and there are reasons why we should believe 
the action somewhat to resemble the action qf these 
bodies. Whenever charcoal, a porous body, is filled 
with one gas and is put into’ another, a certain amount 
of the first is driven out with great force ; the result is 
not a mere mixture taking place quietly, but an instant 
forcible diffusive and absorbent action. If we view the 
carbonic acid as driven out by the oxygen, taking any 
of the three views, the actual amount of tlie gases present 
must be of the greatest importance. 

There is room for a rediscussion of the subject. 

If we consider the effect of even one beat of the lieart 
in a minute in a mechanicjil point of view, we need not 
be surprised at a change of result in the health. If the 
amount of blood sent by the heart fs three ounces, we 
have, for every beat of the pulse lost per minute, a 
diminished circulation of many gallons of blood per day ; 
for every boat less, the corresponding amount is taken 
from the circulation. But even this is not the whole 
difference, because the beats become excessively feeble in 
breathed air. In one case especially the pulse was raised, 
not sunk ; and in most cases it was raised a little for a 
short time at first, as if an inferior blood were endeavour- 
ing to do equal work by moving more rapidly. 
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Medical men have objected to the argument that any 
evil result can arise from thcpe effects, saying that man 
is formed so as to resist such influences, and is not so 
weak as to be confined within such small limits. When 
the ground gives way under a man he cannot resist, he 
can generate no force contrary to gravitation ; he gives 
a few movements or leaps from the ground itself if the 
sinking is not too rapid. When the heart ceases beating 
man cannot resist, as he needs the beating heart itself 
to generate his power. If the heart is feeble, he may 
breathe fast to supply it rapidly with oxidized blood, and 
to a certain extent succeed ; but he must take this com- 
pensation force from some place. I cannot pretend to 
give an. opinion on the result of an unnatural slowness 
of pulse, and an unnatural rapidity of breathing ; but 
that they l^^evil omens is true, or we have long been 
deceived. In mines and such places the evil is compli- 
cated, because the exertion required to climb the ladders 
leads to an increased activity of the heart. 

If the gas by which the oxygen in air is diluted were 
insoluble, the result might be very different, and we 
might probably remain in air with less than 10 per cent, 
of oxygen. In one condition, namely, in high regions, 
something similar to this occurs ; the amount of oxygen 
is diminished by rarefaction. But even if no rarefaction 
took place, we could breathe in air having much less 
oxygen than in the worst metal mines we know, if the 
carbonic acid was removed. Nitrogen and some other 
gases, marsh gas for example, not uniting chemically, and 
not being driven out from any compound in the blood, 
either by the addition or otherwise of oxygen, do not 
produce effects so violent as carbonic acid. 

Whatever the explanation be, my conclusion fi’om the 
experiments is, that the smallest diminution of oxygen 
in the air breathed affects animal life, if its place is 
supplied by carbonic acid. 
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Kaix lias gonerally been considered as water simply, and 
its benelicial effects ou man have been indefinitely summed 
up in the idea of refreshing. This, again, connects itself 
in our minds witli temperature and moisture, whilst the 
purification of tlie air by washing has liad little attention. 
If there is life and death in tlio air, we must believe the 
same of the rain, which collects solids and liquids, not 
omitting gases and vapours. Tliese c’ontents show them- 
selves to cliemical analysis and the microscope, so that 
distinctions between tlie air of different places may be 
known without the dangerous test on health. As this 
volume is a collection of early work in great jiart, it will 
be consistent to begin with my ideas when first finding 
practically how complicated the substance we call raiif 
really is. It does not appear that I considered them new 
in principle, although new in some of their relations. 

‘ As I said before,' I have nothing which I can call 
actually new to bring forward liere, but it does wStill 
present some novel feature. The air was not examined 
as sucli, because I had not proper convenience for the 
experiments, and I was compelled, therefore, merely to 
examine the rain. All the rain was found to contain 
sulphuric acid in proportion as it approached the town, 
and with the increase of acid the increase also of organic 
matter.’ 

‘ The existence of albuminous compounds may be traced 

* * Mem. Lit. and Phil. Soc.’ vol. x. 1852. 

Q 
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in the rain, however carefully collected, and the still 
further vestiges of living creatures, minute animalcules, 
may. be found also. These’ creatures are sufficient of 
themselves to show the existence of phosphates, whilst 
sulphates and lime may be readily obtained. In ex- 
amining the Thames water, I often found that the readiest 
way of collecting the phosphates and magnesia was to 
wait for the animalcules to do it. When the residue of 
the rain is burnt, an abundant evolution of ammonia may 
be obtained; but I have not ascertained the amount, 
because it varies much, and I do not well feel able to 
collect all the ammoniacal salts which may have existed 
in the rain, as so much loss is caused by evaporation, 
even if an acid is present. All results hitherto obtained 
must have been approximative and too low. 

‘ This organic matter, however, is capable of decom- 
posing and of forming ammonia when it fulls upon tbo 
ground, and of furnishing food to all kinds of plants. 
There is enough therefore to grow plants scantily, although 
experience shows that there is not enough to produce a 
crop of any value. I do not regard it, however, as the 
object of nature to manure the land by rain (this and 
ether remarks would be modified were I to give present 
opinions) ; one more important and practical is to purify 
the air ; and there is enough of evidence to show us that 
places entirely without organic matter may become covered 
with it, and also to show us that plants nourished even 
by rain-water only may be made to grow (that is, without 
the soil to feed them). This shows also the possibility of 
large quantities of impure matter being kept afloat in the 
air ; indeed, it is scarcely possible to obtain the vapour of 
water without some such impure matter. The organic 
matter found in the rain seems to be in perfect solution, 
and no doubt the more decomposed portion of it at least 
is entirely so, but' an exception must be made of that 
which is alive. 



IN TOWN AND COUNTRY. 


227 


‘ It becomes clear from the experiments that rain-water 
in town districts, even a few miles distant from a town, 
is not a pure water for drinking ; and that, if it could be 
got direct from the clouds in large quantities, we must 
still resort to collecting it on the ground in order to get 
it pure. The impurities of rain are completely removed 
by filtration through the soil ; when that is done there is 
no more nauseous taste of oil or of soot, and it becomes 
perfectly transparent. The pre.sence of free sulphuric 
acid in the air sufficiently explains the fading of colours 
in prints and dyed goods, the rusting of metals, and the 
rotting of blinds. 

‘ It has been observed that the lower portions of pro- 
jecting stones in buildings were more apt to crumble away 
than the upper •, as the rain falls down and lodges there, 
and by degrees evaporates, the acid will be left and the 

action on the stone much increased. 

‘ I do not mean to say that all the rain is acid ; it is often 
found with so much ammonia in it as to overcome the 
acidity ; but in general, I think, the acid prevails in the 
town. But, even if alkaline when it falls, it becomes acid 
on standing, and especially on boiling down, as the am- 
monia in these cases is separated from its acid. • 

‘ A specimen taken in Greenheys fields, half a mile from 
the extreme south-west of Manchester, wind blowing west, 
had a peculiarly oily and bitter taste when freshly caught. 
A person to whom I gave some of it to taste supposed it 
had been put into a glass in which castor oil had been put. 
I had collected the water in a large meat-dish, which had 
been very carefully cleaned, and was then set on a stand 
about two feet from the ground during the rain. Think- 
ing it possible that some fatty matter might have been 
adhering to the vessel in spite of all my care, and not 
being inclined to believe that such an amount of impurity 
could be found in that place, I used a platinum basin, 
which was carefully cleaned, and, to prevent all mistakes 
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to organic matter, kept red-hot for some time. There 
however, no difference to be perceived from that 
CcUebted in the larger vessel. The rain was very alkaline 
mad contained scarcely a trace of carbonic acid. 

‘ Boiling removes all taste, and standing alone removes 
the taste of the oily matter and leaves only the taste of 
smoke. 

‘ The smoke here shows that it was not out of the range 
of chimneys, although the wind was west. 

‘ The taste was that of the flattest and most insipid water, 
which could not be drunk Avith pleasure, independently 
of the nauseous taste. 

‘ The water was very clear, but on standing it produced 
and deposited a number of organic bodies of the monad 
kind, small t,'nough certainly when seen by themselves, 
but in clusters large enough to be seen lying at the bottom 
of the vessel. 

‘ Tlie clear water above Avas a solution of organic and 
iuorgaiiic substances, givirtg the folloAving results ; — 

Organic mutter . . . 2*0i?5 grs. per gallon. 

f ^ 

Inorganic matter . •{ 1*8.^ in three experiments. 

tsiooj 

‘ By boiling tlie carbonate of ammonia is driven off ; at 
least this seems the only way of accounting for the loss 
of alkalinity. 

‘ On burning the residue after evaporation ammonia is 
given off, and a strong smell of feathers, characteristic of 
albuminous compounds. 

. ‘ The ash is alkaline, with fixed alkalies, like the ashes 
of })laiits and other organic matter. 

‘ Cavendish Street^ June 8, 1851. — ^Tlie taste of this 
water, collected of course directly into the vessel, was the 
same as that which comes from the roofs of houses. The 
taste is nauseous, and chiefly of smoke. 

. ‘It contains many of the green monads, singly and in 
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groups. These increased immeusely, and were in numbers 
much greater than in the field rain. There were also 
some lengthened bodies, somewhat resembling the gal- 
lionella ; but I cannot speak with certainty of the species. 

‘ This water is acid, and on boiling becomes very acid, 
until it may be readily tasted as sour. 

‘ The residue, when burnt, gave off ammoniacal vapours, 
and showed also the presence of albuminous compounds. 
The sides of the vessel were covered with an oily or tarry 
substance. 

‘ The ashes were neutral, and consisted of sulphates, 
sulphate of lime and soda being amongst them. 

‘ These two specimens are characteristic of tlie i)laces ; 
these are not extreme points by any means. One is not 
very far in tlie town, and the otlier is not veiy far out of 
the town. I am sorry I have not obtained extreme cases, 
but the difference is sufficient as a point to start from. 
The one leaves alkaline ash, the other neutral ash. In 
the fields the amount of acid is not sufficient to neutralise 
the bases which are in union with the organic matter, 
and the residue is therefore alkaline ; but in the town 
the amount of acid is equal or in excess ; what is in excess 
is driven off, and enough remains to saturate the basesy 
which become then neutral salts. 

‘ The increase of amount of organic matter is not so 
apparent from tlie table of quantities which I have drawn 
up ; but I rely more on observing these living creatines, 
which are the sure indications of its presence. And they 
show also that, if there was not a great increase of it in 
the town, it was at least in a state peculiarly organisahle. 

‘Again, Greenhetjs Fields, on the same day. — This 
water has a blackish deposit ; a few monads may be seen 
at once ; taste, when first got, very greasy ; after standing 
a while this taste becomes bitter, like rotten leaves ; flat, 
like all the specimens ; sickly taste begins when the greasy 
and bitter tastes 'are 'gone. * 
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* Alkdine also ; alkt^nity lost by boiling. N^itrogenous 
fiiMos obttwed on burning thp residue. 

^Eesidue as before, alkaline. 

^Timperley^ six miles distant. — ^Abundance of green 
matter at the bottom of the glass ; an immense amount of 
green monads, mostly separate, but some in clusters. 

‘ Gave off alkaline fumes when the residue from evapo- . 
ration was burnt. 

‘ Ash then strongly alkaline. 

‘ This water was strongly alkaline, and was farthest from 
the town ; it had, however, a great deal of organic matter 
in it — as much as any — so that the acid seems so far to 
be a surer guide to the neighbourhood of the town. 

‘ Pa^k Street, outside of the town, south-west. — Matted 
confervas appeared in this specimen, on standing, with 
many green spots, stationary and in motion. 

‘ The water alkaline, but acid on boiling. 

‘ The ashes neutral. 

‘ We are here, therefore, still within the town influence, 
but it appears that in the outskirts of the town the acid 
is neutralised in a great part with ammonia, as the rain 
does not become acid until that is driven off. (I do not 
'now find this state of things, 1871. To say that the acid 
was neutralised is not enough ; there was less acid.) 

‘ We may therefore find easily three kinds of air — that 
with carbonate of animonia in the fields at a distance ; 
that with sulphate of ammonia in the suburbs ; and that 
with sulphuric acid, or acid sulphate, in the town. 

‘ I need not minutely describe each specimen which I 
collected ; there is much similarity when from the same 
district. 


Amount of Inorganic Matter 


n a Gallon, 


Greenheys ’STS 2*100 

CavendiBh Street, June 8 .... . 1*050 

M 0 . . . , , 5*6 

Park Street *21 

Tlmperley . 8*037 
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Qreenhejs Fields .••••• 2*1 

Cavendish Street again 2*8 

Mo8s*side . . • *8 

Greenheys Fields ••.••• 2*833 
Gieenheys again ..••••• 1*33 
Cavendish Street, 5,000 grs. used • • • 3*010 

Organic Matter, 

Greenheys ........ *56 

Cavendish Street, June 1*960 

Park Street 4*200 

Greenheys Fields ...... 2*790 

Moss-side 1*45 

Chlorine in a Gallon, 

Greenheys . *47712 

Cavendish Street, June 8, 1851 .... *3976 

„ ,1 » . . . . ‘6300 

Moss-side *8t)6 

Sulphuric Acid in a Gallon, 

Greenheys 0*3840 

Cavendish Street 1*0752 

„ ....... 1*0752 

,, ....... *5972 

Greenheys Fields *4480 

Park Street outskirts *5376 

,j ,, ...... *6376 

„ *6740 

Timperley * 2*2400 

Moss-side Fields *8060.' 


It is preferred in this place to give a summary of the 
work done up till lately, as seen through the eyes of 
another and not by myself. It is taken from a very care- 
ful little volume by J. I. Pierre, called ‘ Chimie Agricole.’ 
This is done in order to avoid all charge of carelessness 
as to the work of others ; and it may serve as a means of 
separating my own work from that of others. It does 
also save a good deal of trouble in compiling. 

^ There is an unaccountable quantity at Timperlej. This requires expla- 
nation. The wind was from the west and violent. Did it receive its im- 
purity from an upper current ? 

The quantity of acid was determined by comparing prepared solutions. 
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Different ^uh^tances V)hicl{ ar^ generally found in variable 
proportions in Air and Rain. From ^ Chimie Agricole,’ by 
J. I. PiEBRB. 2nd edition. No date. ' Since 1860 I believe. 

Dalton found that at Manchester, in the neighbourhood of 
the sea, 10,000 kilogrammes of rain-water contain more than 
a kilogramme of common salt. 

Brandes (in 1825) found in Salzuffeln, by evaporation of rain 
collected during the various months, in 1,000,000 kilogrammes 
the following : — 


Month. 



Kilogramnes. 

■ January, a residue of . 

. 65 

February „ 

ff 


. 35 

March „ 

ff 


. 21 

April „ 

ft 


. 14 

May „ 

)t 


. 8 

June „ 

ft 


. 11 

July .. 

» 


. 16 

August „ 

ft 


. 28 

September „ 

)) 


. 21 

October „ 

ft 


. 31 

November „ 

ff 


. 27 

. December „ 

tt 


. 35 

found tlie residue to 

contain — 


(')rganic substances. 



Magnesia. 

Chlorine. 



Ammonia salts. 

, Sulphuric acid. 



Carbonic acid. 

Soda. 



Lime. 

Potasli. 



Oxide of iron. 


Oxide of manganese. 

Brandes found that tlie average quantity of foreign matter in 
rain amounted to 26 kilogrammes in 1,000,000 kilogrammes. 

In a series of researches made at Caen during 1851, I 
[Pierre] found 24^ kilogrammes. 

Suppose in F'rance an annual average rain-fall of 60 centi- 
metres, a liectare will tlien receive 6,000 cubic metres (or 
6,000,000 kilogrammes) containing, according to Brandes, 156 
kilogrammes solid matter in solution, according to me [Pierre] 
more than 147^. 

On analysis of this .residue, I found that in the vicinity of 
Caen a hectare of land receives annually by rain — 
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Chloride of sodium 
„ kalium , . 
yy magnesium 
„ calcium 
Sulphate of soda 
yy potash 

yy lime 

mairnesium 


Kilogrammes. 
. 37-5 
. 8-2 
. 2-6 
. 1*8 
. 8*4 

. 8 
. 6*2 
. 6-9 


I have found besides evident traces of ammonia salts, organic 
matter, and other substances of a nature not yet determined. 

M. Barral’s recent researches show every hectare at Paris 
to receive annually by rain — 

Kilogrammes. 


Nitric acid 

Ammonia lo-3 

Cliloriiie . . . . . .13 

Lime . . . . . . 3J‘2 

Magnesia 9 


How can the solid matter be carried to considerable distances 
by rain? This is not easily shown by direct experiment. It 
is known, by the beautiful researches of Saussure, that a part of 
the water raised into the atmosphere resembles tlie soap-bubbles 
that amuse children. In other words, the clouds are composed 
of small vesicles, of which the water forms the envelope ; every 
vesicle that rises from the sea must contain a small quantity of 
the solid matter which was dissolved in the sea-water. As these 
vesicles form not only on the surface of the sea, but also on 
lakes, streams, and rivers, the proportion of solid matter taken 
up by the rain in a given space will vary according to the rela- 
tive proportions of these original different vesicles that enter 
into the composition of the clouds ; that is to say, according to 
the distance at which they are found from the sea, the direc- 
tion and swiftness of the winds, the temperature, and a number 
of causes of whicli it is difficult to find the proportion. It is 
therefore extremely probable — one may say it is almost cer- 
tain — that the amount of saline matter in rain is not the 
same everywhere ; but it is undeniable that these matf ers are 
found in all rains, and that they must play in agriculture a 
part that ought to be studied. The results at which I have 
arrived lead me to admit that certain saline substances are 
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furnished to the soil in larger proportions than they are used 
by the crops. Salt {common) particularly so. 

Among the substances the existence of which has been proved 
in rain there are two which deserve special attention, on ac- 
count of their action on vegetation ; these are the nitrates and 
ammonia. 

We quoted just now the enormous amount of 63 kilogrammes 
of nitric acid received during one year by a hectare of land 
in the environs of Paris by rain alone, according to M. Barral. 

According to M. Liebig only the rain of a thunder-storm 
contains nitric acid, but the researches of M. Barral, which take 
the water collected during the different months of the year, 
have given for the months of November and December, 1851, 
numbers as large as those of July and August. Here is the 
amount of nitric acid in rain during the last six months of 
1851 


Months. 

Kilogrammes. 

July 

• . . . 5*30 

August . 

. . . . 4*89 

September 

. . . . 8*89 

October , 

. . . . 2-81 

November . 

. 4*26 

December . 

. . . . 5*95 


The experiments made by M. Bineau at the Lyons Observa- 
tory in 1853 led to similar conclusions. According to him the 
];ain at Lyons contained during the year — 


In winter 
In spring 
In summer 
In autumn 


1 

2 

1 


*3 millig. nitric acid per litre. 

ff }f 

ff » 

9f ft 


and the average might be estimated at 1 milligramme per 
litre, which would correspond to 10 kilogrammes per hec- 
tare, if one considered the rain fallen at Lyons for all the 
year equal to a layer of a m^tre in thickness. 

We are not discussing here the cause of the production and 
of the presence of this nitric acid ; we only confirm the fact, 
which is of the utmost importance. 

The presence of ammonia in rain has been lately the object 
of careful and important researches. 

Many observers have found the presence of ammonia in rain. 
Bergmann, Brandes, Liebig, and Pierre have shown the presence 
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of ammonia salts without determining the proportion. MM. 
Bineau, Barral, and Boussingault have made this lately the 
special object of many interesting researches. 

M. Barral has found that at Paris, in the six last months of 
1851, a hectare of land received from rain — 

XilogrammoB. 


July ... 

. • . 3*13 ammonia. 

August . 

. . . 104 


September 

. . . *77 

ff 

October . 

. 1*63 

ff 

November 

. 101 

ff 

December 

. 117 

ff 


The quite recent researches of M. Boussingault and M. 
Bineau prove that the amount of ammonia contained in rain 
is really worthy of attention. 

Thus the proportion rises sometimes to 7 milligrammes per 
litre of water, according to M. Boussingault ; it rises even to 
28 or 29 milligrammes per litre according to M. Bineau. 

The first of these observers has found that the proportion of 
ammonia is much larger at the beginning of a shower than at 
the end. 

Thus on August 5 he has found — 

Commencement of shower . . 4 millig. ammonia per litre, 

'6 

During another series of observations on August 26 he found— 


First part of shower 

. 4 millig. ammonia per litre. 

Middle 

• ^ ff ff 

End ..... 


Another series, August 28 — 


Milligrammes. 

Beginning 

. . 1'15 ammonia. 

Further on 

. . *70 ,, 

ff • • 

• . -20 „ 

ff • * 

. . -10 „ 

The end 

• . '03 ff 


After a cessation of several hours in the rain he found at the 
beginning 1*13 milligrammes. 

After a number of days without rain, the proportion of am- 
monia rose to 7 milligrammes at the beginning of the first 
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shower, but lessened successively to 3, 1‘5, and to *3 milli- 
grammes at the end. 

We may sum up in the following manner the result at which 
M. JBoussingault has arrived. 

When starting from the commencement of the rain the fall 
reached on an average — 


Millimetres. 

. '6 it 

From *6 to 1 
„ I to 6 
H 5 to 10 
^ 10 to 15 
,, 16 to 20 
„ 20 to 81 


cpntaioed d‘ 
1 


M^lligr. . 


» 

» 

ft 


11 aipmo]\ia per litre. 
20 
70 
:45 
45 
41 
40 


ft 

n 

»» 


ft 

ft 

» 

ft 

ft 

» 


it is thus in the first part of ^ the rain that falls that we find 
the most ammonia. 


In a single instance only M. Boussingault has not found 
ammonia in rain in a determinable quantity, M, Bolissin- 
gault has been led to think, according to his experiments, 
that rain collected in the fields contains notably less ammonia 
than that collected in towns. 

According to M. Martin rain collected at Marseilles contains 
a little more than 3 milligrammes of ammonia per litre. 

The dew also contains ammonia. 

^n a tirst observation M. Boussingault found in it — 

3 millig, per litre. 

In another . . . . 6 „ „ 

In a third . . . . 1 „ only. 

But it is worth remarking that that was after a rainy day. 

In /of/8 he found one time . . 2*5 millig. 

Another time 7 „ 

Finally M. Boussingault once found in the condensed water 
from a fog the enormous proportion of 50 milligrammes of 
ammonia per litre. This fog was very thick, and had lasted 
two days and a half. 

If we admit tliat oh an average rain contains three- fourths 
of a milligramme of ammonia per litre, and that the annual 
rain-fall in Prance is 85 centimetres of water, every hectare 
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of land will receive from rain about 7 kilogrammes of ammonia, 
a quantity to which we must add that which comes from dew 
and fo^s. 

According to the experiments of M. Bineau, who found tliat 
6*8 milligrammes per litre was the mean of ammonia salts in the 
rain collected at the Lyons Observatory in 1853, the quantity 
of ammonia furnished by that water to each hectare of land 
would be, under similar conditions, represented by 68 kilo- 
grammes, about the fourth part of that furnished by a good 
manure. 

M. Bineau has found as an average — 


In winter . 

In spring . 

In summer . 

In autumn . 
Average of year . 


16*3 millig. of ammonia per litre. 


12-1 

» 

tt 

V 

31 

it 

tt 

tt 

4 

tt 

tt 

tt 

6-8 

t) 

tt 

tt 


If we add to this quantity, already pretly considerable, tliat 
which is furnished by dew, which M. Bineau and M. Bous- 
singault have found much richer in ammonia, we get for 1853 
the amount of 29 kilogrammes per hectare from dew alone. 

It is right to add that, if similar facts wore found every- 
where, they might and ought to differ as to the quantity ; in 
the variations they might run from one to three times, 
according to local circumstances. Thus M. Pouriau has found 
in rain fallen at Saussaie (Ain) during 1854 about 29 kilo- 
grammes of ammonia per hectare, and about 7 kilogrammes 
of nitric acid. 

M. Boussingault has found in the snow itself a notable quan- 
tity of ammonia ; he has found at Paris in JNIarch 1853 : 

Falling snow *70 milligramme per litre of water. Thirty- 
six hours after the fall of snow, a litre of water formed by its 
melting contained — 

Milligrammes. 

On a terrace 1 *78 

In a garden joining the terrace . . 10-34 


This increase proves evidently that the ammonia was set 
free from the soil, and that it bad been intercepted and absorbed 
by the snow. 

M. Bineau has found even from 60 to 65 milligrammes of 
ammonia per litre in water formt'd by the melting of needles 
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of ice formed on the border of the roof of a house, and the 
even larger amount of 70 milligrammes per litre of water 
formed by the melting of hoar-fro^. 

M. Boussihgault has found that the fogs of Paris have more 
ammonia than those of the plains of Bechelbronn. In these 
latter he has found on an average *3 milligramme ; in those of 
Paris 3 milligrammes. He found one time the enormous 
amount of 130 milligrammes of ammonia per litre; another 
time 138 milligrammes. 

This large amount of ammonia explains why, under certain 
circumstances, the fog is endowed with such a penetrating odour 
as to affect very sensibly the organs of respiration, as ammonia 
vapours do. 

Volcanoes in a state of activity throw out a notable quantity 
of ammonia salts. They are given off also in calcining organic 
matter, and in the combustion of coal. 

Matters of organic origin, all more or less nitrogenised, 
decompose, either at the surface of the land or at a very small 
depth, and among the products of this decomposition we find 
carbonate of ammonia, a very volatile substance. A portion 
of this substance remains in the soil, and contributes to tJie 
prosperity of the plant ; another part is disseminated in the 
air. Carbonate of ammonia being very soluble in water, we 
can understand why it is found in rain. 

When there is some time without rain, one can again under- 
stapud why this substance is found in larger proportion in tlie 
air than during rain, and how the first rain that falls will 
carry to the soil a larger proportion than the succeeding. 

If this explanation is right, we ought to find ammonia in the 
air at all times. 

M. Grager has found 323 grammes per million kilogrammes 
of air, being about *42 milligramme per cubic m^tre. 

M. Kemp has found 368 grammes per million kilogrammes 
of air, being about 4*78 milligrammes per cubic m^tre. 

M. Fresenius has found 133 grammes per million kilogrammes 
of air, or about *17 milligramme per cubic m^tre. 

In an early series of experiments I have been led to conclude 
that in the neighbourhood of Caen, under the almost constant 
influence of winds tending to remove from the place of obser- 
vation the emanations which might come from the town, the 
air contained, as an average of the winter season of 1851 to 
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1852, more than 4^ milligrammes of ammonia per cubic m^tre. 
In another series of experiments, which comprise nearly a year’s 
observations, on air taken from a little greater height I have 
only found *65 milligrammes per cubic m^tre. 

If these different results do not agree among themselves for 
the proportion of ammonia found in the air, they all agree in 
the fact of the existence of this atmospheric ammonia, and our 
explanation is not deprived of probability. 

The total of the results which thus come to be seen allows 
us now to give an idea of the sense which we must put upon 
this old popular saying that ‘the fogs and the snow remain 
to fatten the land.’ The fogs then, we see, contain a very 
large proportion of ammonia, especially those that remain 
several days ; and, as the ammonia and carbonate of ammonia 
exercise a very energetic and very favourable influence on vege- 
tation, the prolonged presence and deposit of this water charged 
with ammonia can and does produce very good effects. 

We may also say as much of the snow; it arrests and absorbs 
the liberated ammoniacal vapours which come from the soil, 
and restores them to the earth when thawing. 

Here, as in many other cases, experience is before science ; 
that is to say that the observation of these facts, repeated from 
time to time, have allowed conclusions to be drawn which 
have been long called prejudices by savants^ till they thus 
found their explanation. 

• 

Before going further we will attempt to point out the im- 
portance of the results of which we have given an account, and 
to consider them in a purely agricultural point of view. 

It results from the experiments of M. Barral, that rain could 
give to the crops more than 21 kilogrammes of nitrogen per 
hectare and per annum, to which we ought to add the amount 
furnished by dews and fogs; on the other hand, M. Bous- 
singault has found that certain crops contain more nitrogen 
than the manure can supply them with, and that the difference 
is comprised between 4 kilogrammes and 31 kilogrammes per 
‘ hectare ’ and per annum, according to the distribution of 
crops adopted. If it is proved that, by following such a dis- 
tribution of crops, tlie land is not impoverished, it follows of 
necessity that this difference of nitrogen comes to the crops 
from some other source, and we see no other than the rain, 
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the dew, the fogs, and the atmospheric air, otherwise this 
difference would be perfectly inexplicable. 

We can understand, by the aid*of these facts, how it is pos- 
sible to produce in some indefinite way crops without manure, 
by the system of fallow-land with or without the aid of 
manure. 

The quantity of nitrogen taken from the soil by this mode of 
agriculture, which conduces to wear it away by reason of these 
insufficient products, is much smaller than that furnished to it 
in the same time by the rain. 

Fallowing land, by giving rest to the earth, gives it the 
means of receiving the manure disseminated in the atmosphere, 
which the rain carries to it, till its fertility be great enough to 
allow it to bear a proper crop. 

Besides nitric acid and ammonia rain contains still other 
elements, whicli wo have already mentioned, principally saline 
substances, wliich are often restored to the soil by the rain in 
greater abundance than they have been taken from it in tlie 
same time by the crops. 

The sulphuric acid of the sulphates, which we find in 3;ain- 
water, may Y)roceed in part from water which is volatilised from 
the sea, lakes, rivers, &c., and which is carried away with it. 

Another portion might be formed in the air itself ; for about 
a hundred years ago Kouelle said positively ‘ When one steeps 
a well-cleaned cloth in potash-lye free from sulphuric acid, and 
exposes it to the air in a place free from rain and dust, the 
cloth becomes wet and dry alternately a great many times ; at 
last it becomes dry, ajid does not again become wet ; the 
potash with which it was impregnated is found changed into 
sulphate.’ 

M. Dumas has discovered that hydrosulphuric acid mixed 
with air and moisture, by the concurrence of a porous body, 
and under the influence of an elevated temperature, is con- 
verted slowly into sulphuric acid. We can thus see how the 
elements required to form sidphuric acid are carried to a 
distance in the air, till their absorption by a porous body causes 
their transformation. 

According to Chevveul, Vogel, and Lewy, the sulphates of 
the alkalies in contact with organic matter can become the 
sources of hydrosulphuric acid, sources to which we may add 
the initrid decomposition of organic matter. 
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The porous bodies in the air will he without doubt the fine 
dust nearly always found in suspension. 

It is thus wo see produced 'before our eyes a number of pro- 
vidential movements, which co-operate successively to the pro- 
duction and the nutrition of animals and plants succeeding 
each other on the surface of the globe. Man can, indeed, by 
his power, modify these results within certain limits. 

After what we know of the productioa of dew it was easy to 
foresee that it would contain not only ammonia, as we have 
already seen, but also the other matters we have found in rain. 
So it is that Julia de Fontenelle found, in 1819, chloride of 
sodium, chloride of potassium, sulphate of lime, and carbonate 
of lime in dew-water. 

Besides the matters whose existence we have already men- 
tioned in atmospheric air in notal)le amounts there are also 
others, found in much smaller proportions, and to wliioh w(‘ are 
disposed to attribute an important role^ not so much from an 
agricultural point of view as from a hygienic. 

I shall not speak of the different ‘dusts’ which are con- 
stantly in suspension in tlie air, and of a nature varying greatly 
according to places and seasons. Their study is yet entirely to 
be made, and will furnish curious and perhaps very ustfful 
information. 

The presence of iodine in the air and in rain and in running 
waters has been known for some years. It is admitted that 
this iodine must exercise a very decided influence on the health, 
as it is understood that in the country, where the ‘goitre’ and 
‘cretinism’ are most frequent, iodine is wanting, or is tbund 
in much smaller quantities in the air and in tlie rain and run- 
ning water which serve for drink to the inhabitants.* 

There has also been recognised for a long time the existence 
in the air of substances whose nature is little known, in quan- 
tities almost indiscernible, to which the name ‘ miasm ’ has 
been given. 

The existence of these ‘ miasms,’ whose disastrous effects 
are happily confined to certain localities, is often a great ob- 
stacle to the progress of agriculture in certain naturally fertile 
countries. There still remains, therefore, much to be learned 
regarding the causes which produce tliese miasms. 

‘ This is one of the points not believed to be proved sufficiently. 

K 
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It is generally known that the border of marslies, of ponds, 
of places where the water stagnates and dries up, especially if 
the water results from a mixture of fresh and sea-water, are 
unhealthy ; that there men are subject to painful intermittent 
fevers, sometimes even to yellow fever, &c. 

Entire countries are unhappily notorious for the maladies 
which rage during one part of the year among their unhappy 
inhabitants. The winds, and above all the wet winds, extend 
the radius of their unhealthy action. 

It appears without doubt that it is through the medium of 
the air that these pernicious emanations are transmitted. But 
what is their nature ? What are the precise causes of their 
production ? What is their manner of acting ? In what pro- 
portion can they be found mixed with air ? These are ques- 
tions whicli science is far from having settled. We are scarcely 
more advanced in the knowledge of proper means for preserving 
us from the action of these singular substances. 

We have already made on this respect some interesting 
observations ; thus, we have for centuries understood that the 
interposition of a curtain of moistened canvas was sufficient to 
preserve the inhabitants of a house ; that a thick curtain of trees 
even could limit the sphere of action of a centre of miasms. 

Certain persons have doubted the existence of ‘ miasms ’ as 
material substances, and have attributed their effects to ab- 
normal conditions of temperature, of humidity, &c. ; but ex- 
periments many times repeated do not allow us to accept this 
opinion. 

Thus towards 1808 MM. Thenard and Dupuytren made the 
following comparative experiments : — 

They shook several times with perfectly pure water some 
carburetted hydrogen gas obtained frcnn mineral substances : 
this water, left at rest with the air, is deprived little by little 
of its gas, and is not at all turbid. 

A similar experiment was made with the same water and 
with carb, hydrogen resulting from the putrefaction of animal 
mattery the water is then turbid, there are flakes formed which 
are deposited at the bottom of the bottle, and the liquid putri- 
fies. The flocculent matter that is deposited appears to be of 
an animal nature, and exhales when burnt the odour of burnt 
feathers or horn. 

To the physicist, carburetted hydrogen gas got from these two 
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sources is the same. However, tlierc existed iu the latter, in 
some unknown form, a small quantity of matter of ‘ miasmatic ’ 
nature. 

About 1809 the celebratcnl doctor Moscati made analogous 
experiments on the air of hospital rooms. He suspended over 
the beds of several patients spherical vessels full of water cooled 
by ice, and collected with care the water that condensed by 
cooling upon the external surface ; this water putrefied as 
animal substances do^ and gave a residue of analogous matter. 

He suspended also on the border of a rice plantation in 
Tuscany flasks filled with ice, and collected the water whicli 
was deposited on tlieir surface. Tliis wa((‘r, at first limpid, 
soon gave birtli to flakes possessing analogous propca-fies to 
those of animal matter, and tlie lujuid finished by bt‘ing com- 
pletely putrefied in a few days. 

In 1812 Kigaud d<‘ Lisle made in flu* marslus of I^inguedoc 
analogous experiments, which gave the same rt‘sults. Tlu^ 
water collected putrefi(?d, and gav(i rise to a deposit of flakes of 
nitrogenised organic matter. 411 is water gave also, with nitrate 
of silver, a precipitate which became immediately purple, a 
fresh indication of the presence of organic matter. 

In 1819 (August 13) Julia de Fontenelle collected in the 
marshes of Cercle 4 litres of dew. This water was inodorous, 
without colour, and clear ; in a short time it deposited small 
flakes of nitrogenous matter. 

About the same time M. Jloussingault observed tliat suV 
phuric acid placed near a pond wliere hemp is retted becomes 
black very quickly, while at a distance from tlie centre of 
putrefaction it becomes black very slowly. Tlie explanation 
of these observations is easily understood. Wlien organic 
matter is brought in contact with sulphuric acid it becomes 
cliarred, as if it were put into the fire. A part of this carbonised 
matter is dissolved in tlie acid, and gives it a brown colour, 
becoming darker as it is more abundant. 

The experiment of M. Boussingault teaches us that the air 
in contact with sulphuric acid placed near the pond contained 
more organic matter than the air found further off. 

In 1829 the same savant made in America, in the environs 
of Cartago, the following experiments : — 

A little after sunset he placed two watcli-glasses on a table 

B 2 
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in the middle of a swampy meadow. Into one of the glasses lie 
poured hot distilled wati^r, in order to moisten the surface, and 
at the same time to make the teihperature higher than that of 
the air. 

The cold glass was not long in being covered with an abun- 
dant dew ; the hot glass evidently could not cause condensa- 
tion. On the addition of a drop of sulphuric acid in each 
glass, and evaporating to dryness at the heat of a spirit-lamp, 
tlierc was them seen a trace of carbonised matter adhering to 
the glass in which the dew was deposited, while the glass which 
had none was perfectly clean after the volatilisation of the 
acid. 

These experiments of M. Iloussingault allow us to speak of 
certain practices of those Chinese who are employed in the 
culture of rice. 

They take great care to use a great abundance of drink, 
which passes to the skin, and avoid with care causes of cooling 
during their work ; in tliis manner they cause a continual ex- 
halation from their bodies in place of condensation ; they are in 
a similar condition to that of watch-glasses filled with warm 
water. We often ask how such a small amount of matter can 
produce in our organisms such grave disorders, and one is led 
to doubt the reality of their action. An example will suffice 
to make the possibility comprehensible. When a fly, after 
having rested on a putrefying animal, comes to us, it can com- 
inunicate to us carbonaceous affections strong enough to cause 
death. We also know that the pricks of a scalpel which has 
been used for tlie dissection of a putrefying body are often 
mortal. 

- M. Boussingault thinks that the miasms are liydrogenised 
bodies. To assure himself of this he passed through a tube 
heated to redness about 300 litres of air taken from the marshy 
atmosphere just mentioned ; being deprived of moisture, and 
then passed through a red-hot tube, there was found in the 
tube about 50 milligrammes of water ; when the air was passed 
over a vessel of sulphuric acid before passing into the red-hot 
tube, no appreciable quantity of water was formed. 

See also the work by Eobinet and Bobierre, given in abstract 
farther on. 

Although I think the little paper previously quoted 
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gave really the pith of the subject from a fresh source, 
there was still much to be done, and it was needful to 
gather rain in many places, and under various circum- 
stances, in order to come to satisfiictory conclusions, and 
such as would be useful to those who attended to the 
influence of air on healtli. TIio following results were 
attained at a later period, and are to be found in the 
‘ Eeport of the rroceedings undor the Alkali Act ’ for 
tlie year 18G8 : — 

Composition of Eain. — General ConclusiOxNS. 

1st. Hie rain from the .sea (Western IslaiuLs) contains 
chiefly common salt, wliich crystallises clearly. 

2nd. The rain contains sulphates in larger piioportion 
to the chlorides than is found in sea-water. This is true 
from central Germany to the most northern Ihibrides. 

3i’d. The sulphates increase inland before large towns 
are reached. They seem to be a measure of the products 
of decomiiosition, the sulphuretted hydrogen from organic 
compounds being oxidised in the atmosphere. (In other 
words, just as I believe chlorides with proper deductions 
to be a measure of the sewage, liowever old in water, so 
I believe sulphates to be a measure of the sewage in air, 
unless when coal interferes too much to permit allowance 
to be made). 

4th. The sulphates rise very high in large towns, be- 
cause of the amount of sulphur in the coal used as well 
as. of decomposition. 

5th. As sulphuretted hydrogen and sulphide of ammo- 
nium oxidise in the atmosphere, the sulphates may be 
expected to increase in proportion to the amount of 
decomposing organic matter containing sulphur, such as 
albuminoid compounds, called conveniently by a name 
now less used, protein. 

Cth. When the sulphuric acid increases more rapidly 
than the ammonia the rain becomes acid. 
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7th. When the air has so mucli acid that two to three 
grains are found in a gallon of the rain-water, or forty 
parts in a million, there is no hope for vegetation in a 
climate such as we have in the northern parts of the 
country. 

8th. The acid is ealeidated as dry sulphuric, but to 
some extent the agent may be hydrochloric rendered free 
by the sulpliuric acid decomposing the common salt. 

9th. Sulphate of soda increases in the rain as coals are 
burnt ; and if tlie salts are heated, chloride of ammonium 
comes off and sulphate of soda remains. 

10th. Chlorides increase with the burning of coal to a 
perceptible extent, althougli not so much as in places 
wliere salt is decomposed, whether in alkali or other 
works. 

11th. Free acids are not found with certainty where 
combustion or manufactures are not the cause. 

12th. The chlorides and sulphates may be found neu- 
tralised even where there are manufactures. 

13th. By attending to these facts it may be found if 
the plants in any place arc hurt by acid, and by which 
acid. Otlier acids may probably be found as readily as 
tfie two mentioned. 

14th. By attending to the amount oidy of the sulphates 
and chlorides great injustice may be done. The acidity 
and the average of the district must be known. 

] .5th. Amraoniacal salts increase in the rain as towns 
increase. They come partly from coal and partly from 
albuminoid substances or protein decomposed. 

IGth. The albuminoid substances may be found in the 
rain even by the rude experiment of burning the residue, 
which renders unmistakable their peculiar odour, but 
they may also be recognised and estimated by the method 
used by Wanklyn for potable water. 

17th. Experiments in the direction here indicated may 
enable us to study and express in distinct language the 
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character of a climate, and certainly of the influence -s of 
cities on the atmosphere. 

COLLECTION OF SPECIMENS OF JIAIN. 

It is not easy to obtain a good sjiecimen of rain even 
during a heavy shower. A vessel must be jirepared, and 
it is scarcely possible to keep one clean long enough if 
it is to be of a huge size, such as would collect from 
one shower a quantity sullicient in bulk for examination. 
It is needful to clean the vessel at the time, and this is 
best finished by washing it with some of the rain itself; 
to that, however, there is an objection, because wc; learn 
from the first of the shower the substances jireviously 
in the atmosphere. The latter part is very different in 
quality. The earliest experiments, which really gave the 
characteristic results and decided the most important 
questions, were made on specimens collected whilst the 
vessels were watched. I learnt by this experience what 
to expect. I adopted, after consideration, as a collecting 
surface, a simple glass funnel five to six inches in dia- 
meter when it was necessary to give much time for col- 
lection. This was placed in a glass bottle holding half 
a gallon, or about 2 ^ litres. In calm weather this does 
well. In windy weather the bottle is blown over at once. 
It is needful, therefore, to have it held down steadily. 
For a permanent arrangement the outer surface of the 
funnel ought to be protected from the wind, but for 
these experiments the funnel itself was generally tied. 
Each of the gentlemen who were good enough to aid me 
took his own plan. It was necessary to see that the 
funnel was not too near the ground, on account of splash- 
ing, and that it was not exposed in dry and dusty weather. 
Some of the specimens were wonderfully fi’ee of any float- 
ing matter visible to the naked eye ; all were very free, 
except those c.aught in towns. I gave up the idea of 
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obtaining from all ])luccs mentioned specimens entirely 
free from the dust visible to the naked eye. Such can 
be had only by great care and* from few places, if at all. 
In most cases the bottles have stood out a considerable 
time, and the average rain as it falls, with the dust of 
intervening dry weather, has been found. In London and 
large towns tliis is esj)ecially the case. But an e.xaraina- 
tion even of these is necessary, because we wish to know 
all that we are liable to be obliged to breathe. In Man- 
chester, however, as convenient variations could be made, 
specimens of both kinds were examined frequently. 

Desirous of obtaining s[)ecimcns when in the north, 
I ap[)lied to Alexander Buchan, Esq., of the Scottisl^ 
Meteorological Society. He, with great kindness, gave 
me many names of gentlemen to whom it would be well 
to write for assistance. All of them undertook to fill the 
bottles sent to them, and in every way aided the search. 
The result is, I believe, a proof that great care has been 
taken in the collection. The distinctions are remarkably 
fine, and such as might be expected from the conditions. 
We have not to rely on the gross differences between a 
pure clear or mountain rain and that of a smoky town, 
l>ut we have the more or less smoky town, the more or 
less inland, and the more or less elevated spot, whether 
town or country. 

The rain having been collected by several gentlemen 
in various parts of the country, I cannot avoid thinking 
that I put some of them to much trouble ; I am only in 
return able to tlwink them. To have collected all ray- 
self would have been impossible. By reading over the 
observations of some of those who have aided me, the 
nature of the precautions will be seen. A merely general 
description would not tit where there is considerable 
variety of manner of working. The following was sent 
to such as agreed to take the trouble of collection . 



COLLECTION OF SPECIMENS. 


249 


‘ Specimens of Eain-Water. 

‘ It is desired to obtain s|)e(;iincus of rain-water exactly 
in the condition in whicli it falls. 

‘ To prevent extraneous matter from entering great 
care will be required. 

‘ 'I’he rain ought to touch nothing but tlie glass funnel 
and bottle. 

‘ Splashings from the ground or from any elevations 
ought to be avoided, also falling leaves, snow, and sea- 
spray ; and in the case of country .specimens the collec- 
tion ought to be made on the wind side of a house, if tin; 
house is near. 

‘ The bottle is expected to be sent clean, but it is better 
that it shoidd be waslual out with the rain-water itsell’. 
In other words, it is well to throw away the first portion 
of rain collected. 

‘ The funnel ought to be washed with clear water, and 
finally with rain-water. Care ought to be taken not to 
touch the inside of it : when the stopper is removed from 
the bottle the funnel is inserted, and the stojiper may be 
jnit into the funnel ; this })revents solid matters from 
going into the bottle ; occasionally these are blown into 
tlie rain, and it is difficult to prevent this. 

‘ It is desired to have the bottle half full ; it holds two 
quarts. 

‘ It is not necessary that it should be filled at once, but, 
if dry weather should take place before it is filled, it is 
well that the stoppei' should be put on to prevent dust. 
In tills case the funnel would require again to be washed 
with rain-water, unless it were kept in a very clean place 
meantime. 

‘ The bottle when filled is to be stoppered, and a piece 
of strong paper, better calico or leather, put over tUe 
stopper, which is to be tied down with string. 
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‘ It is not needful to return the funnel,, and probably, 
if well covered at the top, the bottle may come without a 
box to cover it. For this reason it has been covered 
with basket-work. 

‘ It will be bettor to give a general description of the 
weather during the time of collection, especially in rela- 
tion to wind. It cannot be supposed to be uniform 
during the whole time. 

‘ It will also bo well to say what is the nature of the 
gi’oiind round the collecting spot, and the distance from 
dwellings. 

‘ To add also tlie height of the bottle above the ground, 
and the height of the place above the sea. 

‘ It is difficult in words to convey an idea of the import- 
ance in’ such experiments of obtaining freedom from all 
extraneous substances. 

‘E. Angus Smith. 

*22 Devmishire Street j All SamtHf 
‘ Manchester' 

Since the earliest specimens received came from Scot- 
land, I shall begin with them. They are chiefly from 
jflaces far removed from towns. They must have been 
Atwell collected, since they all exhibit distinct characteris- 
tics, such as we might expect, of their origin. 

The Uist and Tyree specimens were obtained at 
the request of Mr. Ed. C, C. Stansford, who has agents 
there. They are from low levels, as much as possible 
avoiding high winds, and were expected to be fair speci- 
mens of sea-rain, as well as perfect specimens of coast 
and island-rain. 

Kelly^ Weniyss Bay^ at the mouth of the Clyde, shows 
the smallest amount of sulphuric acid. I know that re- 
markable care was taken here ; the only difficulty was 
to keep out flies. After emptying the bottle several 
times Mr. Young put the stopper into the funnel, and 
effectually kept out insects. The garden in which this 
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rain was collected is about 150 feet above the level of 
tlie sea, and perhaps a quarter of a mile from the shore, 
along which there are a few houses. 

Aiicliendrane specimen was collected by Mr. E. Cath- 
cai t, of Auchendrane House, on the Boon, at 96 feet 
above sea-level, three miles from the shore, and five miles 
from the town of Ayr before December 19, 1869. 

Carlesgill, Langholm, Dumfriesshire, in a valley of the 
Esk. — This specimen was collected by Mr. J. Little, who 
says : ‘ Great care was taken to have the water j)ure. 
I'he bottle was placed on a block of wood 2 feet high 
18 yards from the front of tlie house, and clear of 
drips from trees or slirnbs ; house, 370 feet above the 
sea. A pastoral country for many miles around. Wind 
during collection varied little from SW., occasionally W. 
Three days of heavy squalls, viz. December 11, 13, and 
19. Sharp frost for three days, when for safety the 
bottle was brought into the house. The hills near are 
1,000 to 1,200 feet high. 

‘ The second (from Carlesgill) was collected NW., 
NE., and SE. Genuine east seldom prevails any length 
of time, and generally brings less rain thai» from the 
opposite quarter. In stormy but dry east winds I have 
seen salt spray on the windward side of the ti-ees, and 
the leaves of evergreens browned, though Ave are nearly 
50 miles from the nearest point of the German Ocean. 

I do not know the amount of salt in the rain here. I 
fancy it must be greater in proj)ortion to our rain-fall 
than at Pennicuik. I find in my note-book : “ Cal- 
cidating the fall of rain at 31 inches per annum. Dr. 
Madden has determined by analysis that the rain whicJi 
falls at Pennicuik brings down upon each acre of land in 
the neighbourhood G41 lbs, or nearly 6 cwts, of salt.” ’ — 

‘ Agric. Gazette,’ April 8, 1854. I take this here from 
Mr. Little’s letter, as I may not be able to refer to the 
volume. 
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Lanark, Ridge Park. — Mr. Charles Lindsay says : ‘ The 
weather during collection, from November 24 to January 6, 
has been of the most mixed description, the wind when 
high invariably from the S. W., and when raining S. or W. 

Barometer from .‘iO-03 to 27*80. 

Correction for sea-level, *67. 

Thermometer in shade from 54° F. to 0*5. 


The locality where the bottle was placed is distant from 
any building 30 yards ; height above sea-level, G34 feet. 
Distance from cast and west sea nearly equal, or 30 miles ; 
in the middle of a garden with no trees or shrubs so high 
as the funnel.’ 

Wanlockhead This specimen was collected by Mr. 

Gilbert Dawson, there. He says: ‘ Wanlockhead is situated 
amongst the Lowther Hills, and is about two miles north- 
Avest of the highest summits of the range. The position 
of the bottle was 1,330 feet above the sea, and the ground 
sloping towards the south-west. The nearest houses in 
that direction were 60 or 70 yards distant, and so much 
low(!r that the tops of the chimneys were iu)t nearly so 
high as the bottle. The water was all collected during 
SW. wind. A board was laid on the ground and 
covered over with a little grass ; the bottle was then tied 
down with strings and nails driven into the edge of the 
board. 

‘ 'J’lie weather during the time of collection Avas very 
variable, there being a very intense frost on December 28, 
and snow fell at intervals on the 25th, 26th, and 30th 
to the depth of about 5 inches. There were also light 
falls of snow on the 19th, 20th, and 23rd. 

‘ The water was collected fis follows : — 


December 18, wind SW. . 

„ 29, gale SW. for 23 hours 

„ 31, light wind W. and SW. 

January 1, light wind S. and SSW. , 

» ' 2,8 


Rain-fall. 
*82 in. 


319 

•11 

*08 

•05 


»» 

V 
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JunuAiy •% fresh breeze SW. 

„ 4, gale SW. . , . 

„ T), light air SW. . 

6, strong breeze . 

‘ Tliis filled tlie bottle. 

‘ Every precaution has been taken to prevent extraneous 
matter from getting in, but, on account of the exceeding 
stormy and changeable weather which has prevailed 
during the collection, I regret to say that when the water 
is shaken some impurities may be seen floating in it.’ 

The.se .specks are as few as in any, and do not prevent 
this from being a very interesting water. It is from the 
highest spot observed, 

Cargen, Dumfries . — This specimen was colleijted by 
Mr. Dudgeon, lat. 55“ 2' 30" N., long. 0° 34' W., between 
December 29 and January 8. Prevailing winds during 
the time, SW. and NW. Position of bottle, centre of 
large park, on grass. Height above sea-level, 70 feet. 
Solway Frith distant 4 miles S. No house to windward 
within a quarter of a mile. Town of Dumfries 3 miles N. 

Crieff . — This was collected by the Eev, Albert L. T. 
Morris, at Balwharrie House. This spot is thi’ee miles 
north of the village. There are no towns at all to the 
west, beginning with SW. round the arc to the north. 
It is 45 miles from the nearest coast and 245 feet high. 

Kirkwall. — Mr. John G. Tverach sent this specimen. 
He says: ‘The place where the rain was collected was in 
the centre of my garden. The bottle was placed on the 
grass, and would be about 10 feet above sea-level. I 
had the bottle almost full on two occa.sions, but had to 
reject the contents, as some snow had got into the funnel.’ 

This shows that much care was taken to collect the 
specimen pure. I wished to keep the snow and rain 
separate, in order to be able to examine each separately. 
A little snow would have done no harm ; still the exact- 
ness is to be preferred. 


n.iiii-faU. 
H)4 in. 

•r.!> „ 

■03 „ 
•00 „ 
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RATX. 


Weather during CoHeclion, 9 a.m. 


December 30 . 

< 

. S.E., 1.0 . 

Ibitn Inches. 

. 1*350 

>> 

31 . 

. S., 1.0 . 

.' *006 

January 

)) 

1 . 

. SK., 1.0 . 

. *300 

3 . 

. S., 1.0 . 

. -038 


5 . 

. SW., 1.0 . 

. *114 


(5 . 

. SW., 1.5 . 

. *124 


7 

. NW., 1.0 . 

. *110 


8 . 

. NE., 1.0 . 

. *080 


14 . 

. E., 2.0 . 

. *01)0 


10 . 

. E., 1.5 . 

. *030 


17 . 

. SW., 1.5 . 

. *180 


21 . 

. W., 1.5 . 

. 010 

»» 

23 . 

. SW, 1.0 . 

. *038 

i) 

24 . 

. SW., 1.0 . 

. *048 

February 

1 . 

. S. 1.5 . 

. *030 


Stornoway specimen, collected by Mv. J. Smith, in tin 
Castle gardens. — ‘ On every occasion the wind was blow- 
ing S. to SW. when the water was collected, and in case 
of violent gales the water was excluded. The ground 
near site where collected is hilly, about 120 feet above 
sea-level ; distance from dwelling, 150 yards.’ 

East Linton, Haddington . — The specimen was col- 
lected by Mr. John Storie, who says : ‘ It has been about 
three months in collecting, having only liad about 3 
indies of rain during that period Fortunately the 
weather has been favourable for getting it free of im- 
purities, and it has been all the while damp, and there- 
fore not dusty. On inspecting it you will see that it is 
remarkably pure. Wind from NNW. to W. and SW. 
On the 11th inst. (Feb. 1870) we had 7 inches of snow, 
which dissolved in the funnel and entered the bottle. 
The height above the sea is 90 feet. I placed the bottle 
in a small cask, about half an inch higher than the bottle 
and funnel included, which protected them from the 
wind, whilst it did. not prevent the rain from entering.’ 

New Pitsligo, Aberdeenshire , — Sent by Mr. David Stur- 
rock, who writes : ‘ The bottle was set on the grass. 
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about 500 feet above the level of the sea. My house vs 
on the west of the village, and I have exposed the bottle 
only when the wind v/as not blowing the smoke of the 
village towards it. Part of the rain was collected in the 
middle of December ; wind S. by SW. Part on February 
6 and 7, during which two days 1‘31 inches of I'ain and 
sleet fell. During the time the weather has been rough 
and frosty, with a few days of thaw now and then.’ 

Berkshire, Streatley Vicarage, near Reading. — The llev. 
John Slatter, who sent this specimen, says : ‘ Streatley 
Vicarage is 150 feet above the sea ; the bottle with funnel 
was placed on a grassplot 40 yards SVV. of the house. 
On the NW. and N., at a distance of 400 to COO yards, 
lies the village of Streatley, with little more than 70 
houses. On the NE., at a distance of 800 to 1,201) yards, 
the village of Goring, of about twice the size, separated 
by the river Thames. The rain was collected between 
January 1 and February 7, 1870 ; the first half was with 
the wind from SSW. to WSW., the latter half from the 
SSE. At a distance of nine miles SE. by E. lies the town 
of Eciading, from SSE. to WSW. extends a country of 
hill and wood without large towns near, and no mills for 
CO miles to the Engli.sh Channel.’ • 

Tring. — I’liis was sent by the chairman of the Board 
of Health there. 

Agricultural College, Gz'mvawfo/-. —Specimen of rain 
sent by Professor A. II. Church, who has published an 
account of the salt in the Cotteswold storm-water. 

Rugby. — Specimen sent by Mr. Jas. Arch. Campbell. 
The situation of Eugby is well known. 

Several specimens were collected in London by Dr. 
Stevenson, of Guy’s Hospital; one atEversham Road, NW.; 
another in Hampstead Road, close to Cumberland Market, 
Regent’s Park, east side, about 115 feet above the sea- 
level. The bottle and funnel were placed 5 feet above 
the gnmnd on blocks of clean newly-dressed granite. I 
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am indebted to Dr. Stevenson for several others, as he 
lias requested some of his friends to send specimens. 

Dr. Woodforde, officer of liealtli, sent a specimen col- 
lected about 1,000 yards north of the cliemical works on 
Bow Common. He says : ‘ Tlie direction of tlie wind 
has varied greatly during, the period of collection (about 
two months), and care has been* taken to guard against 
accidental splashing, dripjiing, &c., and collection in 
violent driving wind and rain, so that I hope the sample is 
a fair specimen of the rain-fall in my locality.’ 

Dr. Stevenson collected samples at Guy’s Hospital very 
carefully ‘ during one heavy rain-fall in November and 
December respectively.’ These samples have great value, 
but even they have a fault as before mentioned, the heavy 
rain, excepting at first, being jaire beyond the average. 
T’hey will require to be taken along with others to .secure 
the true average. 

Berkeley, (Jloncef^terehire. — Mr. John Williams sent a 
specimen from Whitfield. 

NewcantU. — Mr. Robert Foster sent a specimen from a 
rain-gauge. It was found that the specimens from gauges 
were not fair representatives, a great quantity of organic 
matter having accumulated sometimes foi' years. 

hlinyton. — Dr. llallard .sent two specimens, one from a 
rain-gauge and one collected specially. The difference 
was great. Ho suggests that it be collected in diflei’ent 
parts of London on the same days. He is right, and this 
more detailed examination has to a certain e.xtent been 
attempted, but it requires to bo done often. 

Hackney. — Dr. Tripe was so good as to send this 
specimen. 

East Dereham. — By the aid of the Rev. J. Crompton, 
of Norwich, I received several from that neighbourhood ; 
from East Dereham one was sent by the Rev. J. M. De 
Port. It was obtained at Mattishall Vicarage, 165 feet 
above the sea-level. The collection was between May 
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and Novembor, but the time was of little importance, 
since tlie bottle was not left out in Mr. I)e Port’s absence. 

Tenhury. — A specimen was sent by Mr. Philij) J. 
Williams, of Stoke House. 

Aldershot. — By Mr. James P. Blackburn, of Camp Farm. 

JJeccles, near Norfolk. — Mr. E. 'J’. Dowson sent a 
specimen. He s])ecially mentions liis gi’eat care in put- 
ting on the stop])er wlien dry weather intei'vened. ‘ 'I’lie 
wind was,’ during collection, ‘ j)artly from SW. to NW. 
and SE. to E. 'I'he two principal falls, which wei\^ only 
•d3 and '27 inches, were when the wind was (!ast(!rly.’ 
The bottle was in a terraced garden, on a llower border, 
with no /lowers of its height near. The height ol the 
bottle was 1 ft. 4 in. above the ground, and above the 
sea about 40 feet. 

Jjracondale, A'oricirh. — The B(!v. J. Crompton sent a 
specimen collected in his garden ; ‘aspect ESE., about 20 
Ol’ 25 3 ’ards from the house. 1'hree lofty fac’tory chim- 
n(;ys were about 150 or 200 yards o/T, otlua- house and 
cottage chimneys not far olf. Rain has been chiefly 
collected when the wind blew the smoke from the liottle. 
Dii’ty weather all the time; some .snow and sleet; wind 
chiefly SW. and W.’ 

Abinydon. — The Rev. J. C. Clutterbuck sent a specimen, 
but it is the only one which seems not to have been 
traced. I am sorry for it, as he sent also tables of the 
Aveather during the time of collection. 

Banbury, Warwick Road. — Dr. Garrett sent a specimen. 
It Avas collected bj" planting the bottle on a flat leaden 
roof, 

Baschurch, Salop. — Mr. W. Dickenson Palcy collected 
a specimen here. 

Mr. Cre.sy, of the Metropolitan Board of Works, men- 
tioned to the chairman my Avi.sh to collect specimens of 
rain, and I was introduced to Captain ShaAV, Avho kindly 
took much trouble in the matter. Mr. Robert H. 



258 


KAIX. 


Scott, of the Meteorological Office, gave also introductions 
to gentlemen interested in meteorology, as also did Mr. 
J. S. Smith and Mr. Morton, of the Rivers Pollution 
Commission. I have thus put myself under obligations 
to many personally unknown to me. In some cases the 
specimens came too late ; in some the bottles were broken 
by weather and other accidents ; but a considerable 
number came safely. 

Valentia . — This was sent by the Rev. T. Kerr from 
the observatory there. 

Perth. — Mr. E. W. Phibbs was kind enough to obtain 
several specimens for me in Scotland, one from Perth, 
in the town, one from the tower, and one of snow from a 
neighbouring hill. Some bottles that he put on other hills 
— Moncrieffe Hill, for example— were broken by the frost. 

Mr. A. Macdonald sent a specimen from BaUinluig, 
and Mr. Ewen Macdonald one from Aberfeldie. 

Dundee . — A specimen sent by Mr. Alex. Miller, of the 
Blyth School, was collected at the height of 30 feet, on 
the roof of the Blytli School, in the middle of the town. 

Braemar . — A specimen sent by Mr. Jas. Aitken, 1,114 
feet above sea-level on a green lawn, western exposure. 

‘ Nookto7i, Windygate, Fife . — By Mr. W. M. G. Miller; 
says : ‘ Considering the very long time it has been in 
hand, it can scarcely be considered altogether free from 
impurities, although every care was taken. In the month 
of December, 10th to 18th, with a fall of one inch, the 
first large contribution to the bottle came ; we had winds 
mainly SW. to W. and in considerable force. The other 
months were rather dry. The ground where the rain was 
collected was laid out in permanent grass. It has a 
southern aspect and slope, with trees near. 80 feet 
above sea-level. A little snow is included.’ 

Glen Urquhart'.- — ^Mr. Ogilvy, in his absence from Corri- 
monie, gave directions to his gardener, who writes that 
‘ the bottle is placed feet from the ground, and about 
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level with the top of the liouse ; 600 feet above the sea,’ 
in an open place free fronj the smoke. 

Islay. — Mr. Ballingall, of Eallabus House, was kind 
enough to put two bottles on the highest point of J ura, 
but both were broken by storms. He took a rain sample 
near his house. 

Carnwaih, Lanarkshire. — Mr. William Currie has so 
fully described the circumstances under which the speci- 
men he sent was collected, that it is better to give his 
account entire. It will show conditions which in other 
cases were eitiier the same or similar. 


General Description of the Weather at Carnwathy Lanarkshire, while Sped- 
ftmn of liain- Water was being collected for Dr. Smith ; bottle having been 
set on November 13 , 1809 , and lifted on January 9 , 1870 . 



Rain-pall. 

Wind. 

i 



Date. 

No- of 

Amount 

9 a.m. 

9 p.m. 

WKATJlElt. 


TK-MPEUArrUB. 


houra. 

in 

inches. 

i 



18G0. 
Nov. 14 

18 

109 

wsw. 

WSW. 

1 Gill© of wind and heavy rain .‘ 




•8 

•05 

s. 

ssw. 

Do. ... . 


Highest, 64*5° 
Lowest,, 36 8° 

„ 16 
17 

4-7 

•5 

•13 

•01 

8W, 

8W. 

sw. 

ssw. 

Do. .... 

Gain of wind, aftornoori and 


n as 

•5 

•01 

sw. 

wsw. 

night ; heavy dow, morniog 
Gale of wind 


Range, 1^7*7° 

„ 19 

3 

•10 

wsw. 

WNW. 

Do 



O 129 

1*6 

•Of) 

WNW. 

NW. 

Frost and light wind . .1 



» 21 

0 

•00 

sw. 

SW. 

Thaw and rain, night 



M 22 

7 

•37 

sw. 

0 

Calm, fog and ho;ir fr(jf5t 



„ 23 

0 

•00 

0 

0 

Do. do. 



„ 24 

0 

•00 

0 

0 

Frost ..... 



»> 2f5 

2 

•04 

8SW. 

sw. 

P'rost, light wind . 

Highest, 47^ 

,> 26 


•25 

w. 

sw. 

Kaiii and Jjoavy snow and. 

Lowest, 15° 





! 

sleet showers, stiff breeze 



„ 27 

8 

•26 

sw. 

sw. 1 

Snow showers and frost, stiff 

Range, 32° 





1 

breeee .... 



' M 28 

3 

•08 

w. 

WNW.' 

Ffost, snow and sleet showers, 







1 

stiff breeze .... 



» 29 

6 

•09 

wsw. 

WNW. 

P'ro.'st, light wind . 



M 30 
Dec. 1 

0 

•00 

NW, 

NW. 

Hard frost, light wind . 



0 

•00 

NW. 

0 

Haze and hard ftrost . . j 



n 2 

0 

•00 

SSE. 

j ESE. 

Hoar frost, temperature very I 








low 1 


Highest, 38*4° 

M 3 

0 

•00 

ESE. 

NNE. 

Don.'«e fog do. . ! 


Lowest, 10'° 

4 

0 

•00 

NNPl 

ENE. 

Thaw, mizzling rain very light i 

— 

M 5 

4 

•05 

W. 

0 j 

1 Aurora, hard frost . 


Range, 28-4°j 

„ 6 

0 

•00 

0 

E. { 

j Frost 1 


» 7 ' 

0 

•oo 

E^E. 

E- 

P'rost and hoar frost 


1 
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‘ General Description of the Weather at Carnwath^ Lanarlcshire — continued. 



Ratn-fall. 

Wind. 

r 


Date. 







XT„ .. 1 ! Amount 



Wkatheh. 

Tkmperatuiik. 


hours. 

in 

inches. 

9 a.m. 

9 p.m. 



1869. 
Hoc. 8 

0 

•00 

E. 

E. 

Thaw, light breeze 



» 9 

0 

•00 

0 


Fog, light airs 



10 

1 

•02 


SW. 

Gale, afternoon and night 


Highest, 48*5® 

» 11 

18 

114 

sw. 

W. 

Gale, continued with heavy 


Lowest, 29-° 






rain 

— 

„ 12 

0 

•00 

s. 

wsw. 

Frost, and thaw, hail shower . 


Range, 19^5° 

„ 13 

3 

•25 

ssw. 

sw. 

Gale, sleet sliowers 



5 

•34 

sw. 

sw. 

Gale and rain 



» 15 

3-5 

•33 

w. 

wsw. 

Very heavy snow and sleet'' 








showers, gale 



„ 16 

1 

•r2 

sw. 

ssw. 

Stiff breeze .... 


Highest, 52 •‘^ 
Lowest, 17^9° 

„ 17 
„ 18 

2 

4 

•15 

•15 

w. 

ssw. 

wsw. 

w. 

Snow showers and stiff breeze 
High wind .... 

► 

„ 19 

10 . 

‘38 

sw. 

WNW. 

Ho 


Range, 34*1° 

„ 20 

6 

•11 

sw. 

wsw. 

Snow and sleet showers, stiff 







breeze .... 



» 21 

5 

•46 

0 

0 

Dense fog and rime, calm 



n 22 

0 

•00 

0 

N. 

Ho n 



„ 23 

0 

•00 

sw. 

N. 

Winds, light and variable 


|Highest,.39*6° 

„ 24 

0 

•00 

NNW. 

N. 

Ho. do. 


„ 25 

0 

•00 

WNW. 

1 NW. 

Light wind .... 


iLowcst, 3‘6° 

„ 26 

1-5 

•08 1 

NK. 

NNE. 

Gale and snow showers . 


» 27 

4 

•20 

NNE. 

0 

Gale continued, night; light 


Range, 36-° 






air.*^, day 


„ 28 

0 

•00 

0 

SSW. 

Severe frost and nearly calm .j 



i „ 29 

0 

•(X) 

SSW. 

ssw. 

Tliaw ; gale . . . . 1 



! „ 30 

12 

•35 

ssw. 

sw. 

Gale, sleet showers 



1 » 31 

14 

•41 

sw. 

sw. 

Gale 1 


Highest, 44*5° 

' 1870. 







Lowest, 29'^ 

Jan. 1 

0 

•00 

SE. j 

NE. 

Misty clouds, light air . 




M 2 

4 

•08 

SE. 

E. 

^ Ho. do. . 


j Range, 15-5° 

„ 3 

0 

•00 

ESE. 

SSE. 

Light airs, aurora . 

Heavy showers and stiff breeze 
Stiff* breeze ...."“ 


» ^ 

6 

•24 

s. 

wsw. 



» 5 

5 

•24 

sw. 

wsw. 



„ 6 

1 

•03 

ssw. 

s. 

Frost, night ; thaw, day ; stiff 

rii'O07n 


Highest, 44^3° 

u 7 

8 

•27 

wsw. 

s. 

Pvi\/v»U • • • • 

Kain, night ; high wind 

> 

Lowest, 31 1° 

8 

„ 9 

8 

2 

•45 

•14 

N. 

NNW. 

w. 

NW. 

Ho. do. 

Heavy rain, early morning. 


Range, 13‘2° 



1 



and stiff breeze . 




‘ Note . — The rain-fall is registered at 9 a.m. and marked as the fall for the day upon 
which it is recorded. 

‘The bottle was placed upon a grass-plot in a largo garden, and sunk about 6 inches 
into the ground, the mouth of the funnel being about a foot above the ground. Height 
above sea-level, 702 feet. There -was a house about 100 yards S\V. of the bottle, and a 
vinery about 40 yards north of it. The west end of Carnwath village, containing between 
700 and 800 inhabitants, lay about 60 yards NE. from the bottle. William Currie. 

‘ Carnwath, Lanarkshire. 

‘March 9, 1870.’ 
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Barry Village, near Carnoustie. — Mr. J. Procter placed 
three bottles at the heights of 12 feet, 25 feet, and 45 
feet. 

Galashiels. — Dr. Somerville obtained a specimen on 
grass about 30 yards SE. of his house. It was collected 
from the lOth to the 20th of May, wind being W., S., 
SE., and SW. This rapid collection must tend to give a 
favourable result. 

Aberfeldy. — This specimen was collected by Mr. Alex. 
Robertson, of Lurgan, Rallinluig. It was gathered in 
two days. The height of the bottle from the ground was 
4 feet, about 100 yards from nearest houses, and about 
500 feet above sea-level. 

North Esk Iteservoir. — Mr. John Garnock placed the 
bottle on a grass-plot and sunk it in the ground. The 
top of the funnel was about 10 inches above the ground ; 
the height about 1,1 50 feet above the sea. 

Greenock. — This specimen was collected at the Shaws 
Water Chemical Works by Mr. Thomas Robertson Ogilvie. 
It is therefore from a high part of the town. 

Before concluding the description of the places and 
modes of collection I must repeat my precautions, lest 
the numbers should be held as truer than it is in oTir 
power to make them. One difficulty I have not been 
able to surmount ; it lies in the fact that, if the bottles 
are much exposed to air, so much dust collects that it 
may be said to interfere with the exactness of the results. 
On the other hand, if the bottles are not exposed except 
during rain, they receive very little of the floating matter 
of the air, and tlie result is again unfair. Perfectly aware 
of these difficulties, I have still gone forward : the first 
enquiries are seldom perfect. When the season is very 
wet, and the bottles are filled very rapidly, it may be 
said that an exaggerated idea of the purity of air is 
obtained ; on the other hand, when the season is very 
dry, and a long time is required to fill the bottles, an 



exaggerated idea of the impurity follows. In order to 
obviate this difficulty entirely, it is my belief that the air- 
washings will be resorted to more than the examination 
of the rain. I give only comparatively few of these, but, 
as they are not subject to any of the difficulties connected 
with the collection of rain, they must be increased. I 
must not, however, exaggerate the difficulty. The speci- 
mens from Glasgow were collected by an exposure of 
the bottles for several months, and, as the season was dry 
and the town large, I was inclined to leave them out and 
have fresh samples taken. It turns out, however, that 
one of the worst is from a height of 82 feet, being col- 
lected on a church-tower in Bridgc'gate. This does not 
point to any small local ae.cumulation of mere dust, but 
a complete filling of the atmosphere. The place was 
above all the houses arouiul. In Manchester one of the 
worst specimens was collected at the height of almost 
30 feet, and a similar was found frequently. 

I’he London specimens, which Captain Shaw, of the 
Metropolitan Fire Brigade, was so good as to cause to be 
collected at the various statit)ns, were, as I believe, too 
long e.xposod to dry weather to compare with the others, 
aad an excess of matter is obUiined in them. This has 
induced me to leave them out of the general average, not 
that I look on them as valueless ; on the contrary, they 
are most valuable as showing tlie changes which take 
place in cistern-water much exposed, and the necessity 
of frequently cleaning vessels, whether covered or un- 
covered, and perhaps we shall learn more from them. 
The bottles were partially-closed cisterns ; the funnels 
were similar to the roofs often used for collecting 
water. 

The other London specimens from which the average 
is tsiken may have been too carefully collected. It is 
probably better to try Londcm again. It is so very large 
that it deserves a special enquiry, and of this I was 
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sufficiently aware, but many seasons are required for the 
purpose. 

The free acids are not increased by the dust unless 
evaporation takes place. 

ANALYSES OF THE RAIN SPECIMENS. 

Inorganic Substances. 

COMMON SALT. HYDROCHLORIC ACID, OR CHLORIDE. 

It has often been observed that chloiide of sodium, 
or common salt, is found on windows far from the sea 
when a violent wind is blowing. It was intcTcsting to 
know liow far this might be considered the nutin’al 
mode of su])plying that substance to soils. We kiiow 
that plants use it and that animals require it. Experi- 
ments show that it is found in greatest quantities in the 
air of the coast, but that there is another source of it — 
namely, the coal burnt in our towns. The rule is that 
it diminishes as we leave the coast, and increases again 
as we enter towns ; but^ does not rise so high in towns 
as it does during wind from the sea and near the coast. 
Taking London and the south, it is the distance from the 
western sea chiefly that governs the amount. There is al^o 
an increased amount when we approach alkali-works and 
such glass-works and potteries as decompose salt. The 
common salt from the sea is not spray, or at least not 
spray purely; if it were so, it would liave the same 
relative amount of s\dphates to chlorides as we find in 
sea-water. The amount of hydrochloric acid represented 
by the salt is given, so as to make comparison easy. To 
some people it would have been easier to have read the 
numbers off as common salt, which would be higher 
than hydrochloric acid, as 100 to 160, leaving out the 
decimals, which would make it 160-27. 

The chlorides become, therefore, a test both of sea- 
water and of coal-burning, especially as connected with 
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ccrtahi manufactures. When tlie sea is the source the 
rain will not be acid, but when the source is coal 
acidity will arise from the suJ/diiir acid.s. If alkali and 
similar works give out the chlorine or chlorides, there 
will be afidity from the muriatic acid almost certainly. 

The jmic.ticiil value of these enquiries can be readily 
understood at once, .since the mode of exainiiung ]>laces 
for sanitary purposes incomes comparatively simple so 
fur as acids are concerned. 

Svu'iiArm 

As sulphur compounds arc found in the atmosphere 
where no coal is burnt to account for them, it is noce.s- 
sary to look to an additional source. We know that 
there is an enormous amount of decomposition constantly 
going on, and sending its products into the air. The 
vegetation of the year decays with such speed, that we 
may jirobably say that it equals yearly the amount of 
growth. We know, too, that s«lphur is found in all the 
most important liquids and solids of animals, in librin 
and albumen from the muscle and the blood, and also 
from the food as ])reparcd for them by vegetation. These 
albuminoid substances are called by Mulder compounds 
of protein. This name, although formed in part through 
an imperfect theory, is worth preserving, because of the 
prominence these bodies have in all living structures, 
taking in reahty, as that chemist said, the first rank. 
Now we know that, besides nitrogen, these bodies contain 
sulphur. When they decay sidphuretted hydrogen is 
given out, and sulphide of ammonium ; but these in time 
are oxidised into sulphate of ammonium, or with another 
bavse in conjunction, according to circumstances. It is 
easily seen, therefore, why sulj)hates should increase as we 
leave the sea. They increase over the land because of 
vegetable and animal decomposition. 
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The amount of the sulpliates by weight in the atmo- 
spliere is great, but the comparative amount is not high. 
It is, howev^er, important to estimate it, so that we may 
be guided to a mode of expressing in chemical and exact 
laimiame the meaning of a crowded towii or room or nil 
iniperfc’ct atiiiospliorc and an open place. If we take the 
atinospliei’e of llie small islands in the westeni sea Ibv 
example, we obtain very little sulphate and no free sul- 
phuric acid. If we go inl.and, we find the first in- 
ei’eased, or its proportion to tJjo elilorides raised if we 
take the air of high grounds, wo hud the amount ap- 
proaching to that at the sea. We can readily believe 
that sulphates can be carried from the sea exactly as 
chlorides are ; but we can see no mode of their increase 
tvhen tlie air is inland, and far from manufactni'es, except 
by the accumulation fi-om organic sources or in connec- 
tion with organic matter. The inorganic sources of sul- 
phuretted hydrogen arc few and small. If this be the 
case, tlje sulpluir is an index of the amount of vegetable 
and animal matter decomposed whenever we can abstract 
that w'hich comes from coal. It is not easy to do this 
well, and many rclinements may yet gatlier around this 
subject ; but the main I'csults are abundantly clear, and 
the conclusions to a certain extent equally so. 

The sulphur compounds arise from the ground in con- 
junction probably with the ammonia; both will increase 
together when the source is organic, and we may add 
also when the combustion of coal is the source, although 
ill that case the ammonia is partly destroyed by the 
heat. 

When they are products of decomposition, they ought 
to be found in greatest quantities near the ground, and 
such is the result. They increase in towns in a double 
ratio, because of the decay of vegetable and animal matter, 
and because of the combustion of coal. 

The sea- water of the British Channel contains chlorides 
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and sulphates, the former in great excess. If we calcu- 
late the chlorine as hydrochloric acid, and compare it 
with the sulphuric acid in the sulphates, we have hydro- 
chloric acid 1 to •1134 sulphuric anhydride. This is 
from Schweitzer’s analysis as seen in Professor Miller’s 
chemistry. It was h^und convenient to put down the 
acids in this manner since they compare well, whilst the 
fixed bases were seldom examined. It might have been 
better to put down chloiiue instead of hydrochloric acid, 
but the fact of examining for the latter in a free state 
was one reason for the preference. 

For purposes of comparison the projiortion of chloride 
and sulphur makes a table by itself. The acidified sulphur 
includes vegetable, animal, and manufacturing activity 
whore coal is used; it measures density of population and 
work when the distance traversed is the same. 

As a rule rain is not add far from towns. If it is 
acid, artificial circumstances must be suspected. 

Ammo.vi.i. 

. When organic substances undergo decomposition the 
nitrogen goes off with hydrog. n, forming ammonia, unless 
strong oxidising influences arc present. The ammonia 
fouiul is in all probability a fair measure of the amount 
of organic impurity in the atmosphere ; it is so of the 
amount of organic matter which has sent its products 
into the air. But {unmonia itself is not an infection ; a 
small atnoimt, even when constant, may not be hurtful. 
We like the carbonate in the form of smelling salts, and 
we know that the alkali acts in such a way as to diminish 
the hurtful tendency of sulphuretted hydrogen. The 
ammonia mentioned in the table is not free — or at least 
it is seldom free — it is united to sulphuric, muriatic, or 
carbonic acid. Now, although it is not advisable to 
breathe much of such salts as the chloride, or sulphate. 
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or even carbonate, I am not aware of any evil done by 
tliein in small quantities. If no harm is knovm, why is it 
not advisable to breathe them? may be asked. The 
reason is that in larger quantities they are unpleasant, 
and produce a stifling sensation ; we tlierefore infer that a 
proportionate harm will be done by small quantities ; the 
proof is not full, but, considering also that nature fur- 
nishes only minute quantities in pure air, the probability 
is that they are better absent. Still tliey are to be avoided 
for a stronger reason, viz., their usual company — their 
presence indicates objectionable or decaying matter, a)id 
that matter may send out into the air worse substances 
tlian ammonia. The most dangerous compounds seem to 
be such as preserve their organic character completely, 
and of these the worst portion is tliat Avhicli ])reserves its 
organised character. This is capable of being decom])osed 
into ammonia and other bodies, and the processes so 
largely carried out by nature may be effected artificially 
and the amount of produce measured. Table VI. is 
therefore added to show the amount of ammonia con- 
tained in substances of complete oi-ganic character, germs 
of plants and animals included. 

'riiis table indicates the amount of animal and vegetable 
matter containing nitrogen, and existing undecomposed 
in the rain at the time of the experiment. We have 
now this knowledge in our power, and may find the 
number for any time or place. Similar experiments 
may be made on the air where no rain falls. 

It may be that in some places the albumen will be more 
oxidised than at others, depending on the amount of sun 
and of ventilation as well as of soil, not forgetting the 
times of the year and day. It may be interesting to give 
the results of the combined amounts of ammonia, in- 
organic and organic, as we may call the two sources, 
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Nitric Acid. 

When the oxygen of tlie air acts on the ammonia, or 
at least on the organic substances containing nitrogen 
and capable of giving out ammonia by their decomposi- 
tion, it forms nitric acid, which is a compound of oxygen 
and nitrogen. It is remarkable that this acid increases 
in quantity, according to the height from the ground, 
within certain limits. 

In speaking of this it is pleasant to refer to the work 
done by M. Eobinct and M. Ad. Bobierre in the year 
1863, therefore before my tables of ammonia and nitric 
acid were made. 

Some Facts Relating to Rain-Water, by M. Eobinet. 

‘Comptes Eend.’ 1863, p. 493. Eain-Water col- 
lected at Paris between March 1, 1862, and September 
1863. 

‘ 1. The agitation of the air seemed to have no influence 
on the amount of fixed substances dissolved in the rain. 

‘ 2. Day and night were also without influence. 

, ‘ 3. If ])ortions of a shower are collected one after the 
other, or if several showers of the same day are tried, 
it is found that the amount of fixed matter goes on 
diminishing. 

‘ 4. The Paris rain-water contains principally sulphate 
of lime and an organic substance little known. The 
amount of sulphate of lime may rise as high as 20 
grammes per cubic metre. 

‘ 5. When mixed with nitrate of silver the Paris rain- 
water becomes of a red colour of various tints, and then 
forms a deposit of a garnet colour. The garnet-coloured 
substance contains silver. The nature of this body is 
not known.’ 
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Researches into the Chemical Composition of Rain-Water 

Collected at Different Altitudes, by Ad. Bobieuke. 

‘ Comptes Rend.’ 1804, p. 755. 

‘ In 1863,1 evaporated in an oil-bath 372 litres of rain- 
water having carbonate of soda present, and determined 
month by month the amount of nitrogen in the fixed 
organic matter, the nitric acid, and the chlorine ; then, 
by fi'actional distillation, by Boussingault’s method, I 
determined the amount of ammoniacal nitrogen. 

‘ Suspended matter was separated by filtration and 
examined by a microscope. I extract from my Memoir 
some of the principal figures, which show the nature of 
the I'esults (at 47 metres height and down below). 


Grtmmes of Ammonia^ Nitric Aculj and GJdorideof Sodium^ in a Cubic 
Metre of lidin- Water collected at Nantes in 1863. 


Month. 

Ammonia. 

Nitric 

Acid. 

Chloride of Sodium 
(Common Salt). 

154 feet 
high. 

Below. 

15 1 feet 
high. 

Below. 

1 151 feet 
liigh. 

j Below. 

January 

6-225 

0-308 

5-700 

3-200 

14-10 

8-40 

lobniary 

4010 

5-900 



15-10 

10 

March 

1-880 

8-020 

7 115 

5-080 

10-10 

1190 

April . 

1-840 

0-080 

1 300 

1-813 

7-30 

9-20 

May . 

•747 

4-042 

3 501 

1-098 

5 

9-40 

June . 

2 ' 2’22 

3-070 

13 218 

10-237 

15 

17-40 

July . .i 

•272 

2-700 
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•257 

2-112 

15-520 

10 

14-80 

10-30 

September . j 

1-4.32 

5-512 

0-009 

5-720 

11-20 . 

14-80 

October . | 

1-688 

4-280 

4-089 

3-108 

12 

0 

November . | 

•503 

4-480 

0 278 

5-574 

22-80 ! 

20-10 

December . 

3-178 

15 005 j 

4-890 

3100 

2100 1 

10-30 

Mean . | 

1-907 

5-039 

7-300 

5-082 

j 14-09 

13-80 


‘ The following conclusions were drawn : — 

‘ 1. The composition of the rain of large towns is very 
variable. 

‘ 2. The variations, observed, and Avhich result from the 
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purification of the air by washing, are particularly re- 
markable, so far as ammonia, nitric acid, and oxygen are 
concerned. 

‘ 3. The examination of rain-water leaves no doubt as 
to the relation of the difierent substances. 

‘ 4. In the rain-water collected at Nantes in 1863, at 
47 metres high, the amount of ammonia is 1'997 grammes 
in a cubic m^tre. In the lower and unhealthy parts it 
is 5’939. 

‘ 5. The amount of nitric acid increases as the amount 
of ammonia diminishes. The cubic metre of rain con- 
tains 7‘36 in the upper and 5-682 in the lower parts of 
the town. 

‘ 6. The composition of 372 litres at Nantes shows that 
the variation in organic matter and alkaline chlorides is 
more marked than that of other substances. The cubic 
metre gave in tWs place 13-90 as the amount of chlorides 
expressed as common salt.’ 

KAIN. 

COMPARATIVE RESULTS. 

‘ The actual amount of the substances found in the rain 
and air being of less importance to us than the compara- 
tive, I shall give it a secondary place and begin with 
the latter. The actual weights are so small that we 
might readily suppose them as representing bodies utterly 
incajiable of influencing the life of the larger animals. 
The idea of size and quantity must be secondary when 
considering that force which is chemical, but still more 
so when organisms are the agents. Chemical action is 
by equivalents, and these presuppose quantity, but there 
are some strange anomalies. Perhaps one quantity may 
act an enormous number of times in a second. Our only 
method is to compare places known to be healthy with 
those known to be otherwise. 
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RAIN. TABLE I . — Summary of Results. 
COMPAKATIVE. IIYDROeHLORIC ACID (CIILORIDES). 
That of Valentia (Ireland) taken as 100. 


Darmstadt— Germany 2 

London, 1869 2*6 

German specimens . . 2 7 

Birkenhead, near Liverpool 6-6 

Scotland — Inland country places 6*9 

Near an Alkali- Works (standing alone inland) ... 7 

England — Inland country places 8 2 

Manchester, 1870 11*9 

„ 1869 and 1870 average 12 

Scotland — Towns (Glasgow not included) . . . .12 

Manchester, 1809 ........ ]2'1 

Newcastle-on-Tyne ' 16*7 

England — Seven towns, manufacturing . . . .17*9 

Glasgow 18*4 

St. Helens 19*6 

I iiverpool 20 9 

Scotland — Sea-coast country places, west .... 25*2 
„ „ average . . . 25*9 

,, „ east .... 20*5 


Runcorn 52*9 

Waterloo, near Liverpool 75 

Ireland — Valentia 100 

p]ngland — Sea-coast country places, three, west . ^ . . 115*4 


The best London specimens wore collected with re- 
markable care, the vessels exposed only during rain. 
Other London specimens were, again, too long out, and 
are therefore given separately. The German specimens 
were too few. 

It is, of course, not intended to assert that hydrochloric 
acid exists in the air of all these places mentioned, but 
rather common salt, its equivalent. There is, however, 
no common word sufficient to express them both except 
chloride. 

It will be seen here that the amount of chlorides 
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depends on two causes mainly ; these are (1st) the distance 
from the sea and (2nd) the distance from manufactories. 
Chlorides, as well as sulphur acids, must be considered 
a product of the combustion of coal. To the distance 
from the sea as a main cause must be added the amount of 
wind. Valentia afl<.)rds, probably, a good specimen of 
a sea atmosphere ; it has, therefore, been taken as 100. 
The London specimens licre given are not numerous, but 
were carefully collected by scientific men. 

The east coast specimens liave a little more chloride 
than the west. This is caused, I believe, by the more 
sheltered character of the latter. The manufacturing 
towns of England alluded to are near tlic coast, and so 
have a large amount naturally, but this is increased by 
alkali- works, glass-works, potteries, and many other things 
independently of the coal itself. 

This table, like the others, gives results which must be 
used with disci'imination. An excess of chlorides taken 
alone is no proof of a bad atmosphere, but the excess in 
an inland place above the amount in the district sur- 
rounding it is a certain proof of impurities being thrown 
into the atmosphere ; and we have hei’e various degrees, 
and can measure how far they can be endured by the 
way in which the residents are affected. 


RAIN. 

SULPHURIC ACID, OR SULPHATK. 

The sulphate has been said to be so important that, 
when coal-smoke is not in question, it may be held to 
indicate the amount of the sewage of the atmosphere. 
The most dangerous products of decomposition come from 
substances containing nitrogen and sulphur. The first 
we find in ammonia and nitric acid, the second in sul- 
jjhate — that is in an acid of sulphur, either free or united 
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with a base. When sulphur has united with oxygen 
its organic relations cease* and we have then a mineral 
acid. It is interesting to see how the sulphate increases 
as we ftiter on the more inhabited places, and when 
we leave the sea-shores for inland places. Still greater 
is the increase among dense masses of people, and 
especially in the presence of great manufactories burning 
much coal. Of these places again those have most sul- 
phate where sulphuric acid is manufactured and utilised. 
This we might expect. It is remarkable, also, how much 
less it is in places where house-fires only are burnt than 
where high chimneys consume great amounts of coal in 
a small space, and frequently also an inferior quality of 
coal, such as would be too sulphurous for domestic fires. 

The word sulphuric is used instead of sulphurous acid, 
although it is the second which is most perceived in 
towns. It does, however, pass rapidly into sulphuric, 
and the two are found mixed in the rain. They are 
thrown together as sidphuric anhydride in the table. 

RAIN. TABLE II . — Summary of liesults. 

COMPARATIVE. SULPHURIC ACID (SULPIIATES). 


That of Valentia (Ireland) taken as 100. 

Scotland — Inland country places • . . . • . 75*6 

Ireland — Valentia 100 

Scotland — Sea-coast country places, west . . . 132*2 

England — Inland country places • • . . . 202*2 

Scotland — Sea-coast country places, arerage of E. and W. 206*4 
England „ „ west . . . 216*4 

Scotland „ „ east . • . 280*0 

Waterloo, Liverpool 418*7 

German specimens , 600 7 

Scotland — ^Towns (Glasgow not included) . . . 604 4 

London, 1869 . , 760*5 

Birkenhead, near Liverpool 848*2 

Huncom . . . 865*2 

Darmstadt— Germany 1068*6 
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St. Helen’s 1216-8 

England — Towns ........ 1266*3 

Liverpool . . . . * 1460*2 

Manchester^ 1860 ^26 

Newcastle-on-Tyne 1627*7 

Manchester, average of 1869 and 1870 .... 1641*9 

Manchester, 1870 1767*8 

Glasgow . 2571 

Near an Alkali-Works (isolated) 2686 


Glasgow gives a remarkably high number. Its great 
mortality seems to be explained by the tables as a whole. 
The table above would not be sufficient, but is an im- 
portant one nevertheless. 

Sulphuric acid, or sulphate, is a measure of manufactur- 
ing activity and also of decomposition. It is a part of 
the oxidised, and therefore purified, sewage of the air. 
It increases inland, even without smoke, on account of 
the decomposition of vegetable and animal matter. * This 
is best seen in the table of proportions. 


RAIN. 


TOTAL CHLORIDES AND SULPHATES. 

If we join these two acids, we obtain a very instructive 
table. It must, however, be read with discrimination, 
remembering the observations made under the separate 
heading of sulphate and chloride. The chlorides, it was 
said, increase as we approach the sea and as the wind 
rises, blowing from the sea. Such a source of chlorides 
cannot be called unwholesome. They increase also as 
the towns are approached, because they exist in the coal 
smoke, so that they have an innocent as well as a noxious 
source. 
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R .VIN. TABLE III . — Summary of Results. 
COMPARATIVE. TOTAL ACID (ACIDS OP CHLORIDES AND 
SULPHATES). 

That of Valentia (Ireland) taken as 100. 


Scotland — Inland country places 10*6 

England „ „ 18-5 

Scotland — Sea-coast „ west .... 30*9 

German specimens 34*4 

Scotland — Sea-coast country places, average . . .35*6 

„ „ „ east ... 40 

London, 18G0 42-3 

Scotland — Towns (Glasgow not included) .... 43*6 

Birkenhead, near Liverpool 51*2 

Darmstadt — Germany 68*6 

St. Helen’s 83*1 

England — Towns 83'6 

Manchester, 18G9 92*5 

Waterloo, near Liverpool 93*2 

It uncorn 90 

Liverpool 90’8 

Manchester, 18G9 and 1870, average 98 *5 

Ireland — Valentia 100 

Newcastle-on-Tyne 102 ‘2 

Manchester, 1870 1046 

England — Sea-coast, west, one specimen . , . 120*7 

Near an Alkali-Works 149*2 

Glasgow 154 


This compound table is very interesting and, with pre- 
caution, may be used as a guide to purity of air, but the 
great amount of chlorides in the Valentia specimen, 
shows that Ave must carefully eliminate in such cases the 
sea influence. Valentia, as a pure air, will probably 
stand at the beginning, as we cannot suppose the pure 
salt will injure. When, however, this salt comes from 
coal it is accompanied by other substances, and is a 
measure of impurity. 
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RAIN. TABLE IV. — Summary of Results. 
COMPARATIVE. ACIDITY. 

That of the lowest (Scotland, sea-coast country places, west) being taken as 1 


or 100. 

Ireland — ^Valentia • • None 

England — Inland country places „ 

„ Sea-coast „ „ 

Scotland „ „ west .... 1 

„ Inland „ 2-27 

German specimens 0*22 

Scotland— Sea-coast country places, average . . . 9*30 

Darmstadt — Germany 12*50 

Scotland — Sea-coast country places, east .... 17*01 

Towns (Glasgow not included) . . . 22*85 

London, 1809 27*97 

St. Helen’s 28*71 

Manchester, 1809 00*13 

England — Towns 01*67 

Manchester, average of 1809 and 1870 .... 73*44 

Runcorn 82*40 

Liverpool 83*40 

Manchester, 1870 . 80*76 

Glasgow 109*10 


This table is a very good measure of the impurity 
caused chiefly, if not wholly, by inorganic acids. The 
slight amount in the first two numbers (for Scotland) was 
not quite certain, the diflTerence was so small ; however, 
there seemed to be slight appearances, and the figures 
are retained. 

Acidity is caused almost entirely by sulphuric acid, 
which may come from coal or the oxidation of sulphur 
compounds from decomposition, but it may also be 
caused in manufacturing towns by other acids, and in 
country places to a small extent by nitric acid and by 
acids from combustion of wood, peat, turf, &c. This 
ineasures the rapidity of waste in a country by burning 
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or by decaying matter, a partial measure of activity 
therefore. 


RAIN. TABLE V . — Svmmary of Besults. 
COMPARATIVE. AMMONIA. 

That of Valentia (Ireland) taken as 1 or 100. 


Ireland — Valentia I 


Scotland— Sea-coast country places, west . 

. 269 

„ Inland 

» 

ft 

. 2*96 

„ Sea-coast 

n 

average 

. 4*10 

» tt 

ft 

east . 

. 551 

England — Inland 

ft 

ft • 

. 5*94 

„ Sea-coast 

ft 

west . 

. 10*55 


German specimens . • . , . . 10*01 

London, 1869 ... 10*17 

Scotland— Towns (Glasgow not included) . . . .21*22 

St. Helenas . . . 25*33 

Runcorn , 25*72 

England — Towns .28*67 

Liverpool 29 89 

Manchester, 1869 . . ^ . . . . . . 35*33 

Manchester, 1869 and 1870, average 35*94 

„ 1870^ 36*64 

Glasgow 6065 


The ammonia is one measure of the sewage of the air : 
it is the result of decomposition. By itself it is not 
impure, or in these small quantities hurtful, so far as we 
know. This table is an indication of the processes going 
forward, and is for that reason important. The ammonia is 
in no case free, but combined probably with chlorine or 
sulphuric acid- in towns. In country places it may be 
united to carbonic acid, wholly or partially. 



278 


BAIN. 


EAIN. TABLE VI.— Nummary of Results, 

COMPARATIVE. ALBUMINOID AMMONIA. 


That of Valentia (Ireland) taken as 1 or 100. 


Ireland — ^Valentia 

Scotland — Inland country places . 


„ Sea-coast 

if 

west . 

. 

. 

j) 

ft 

average . 



V V 

ft 

east . 


. 

England — Inland 

It 

. 

• 

• 


German specimens 

Liverpool 

Runcorn 

Lon4on, 18G9 

Scotland — Towns . . . . 

England 

Manchester, 18G9 . . . , 

St. Helen’s 

Manchester, 18G9 imd 1870, average . 

„ 1870 . . . . 

Glasgow 


1 

1-15 

3*09 

311 

3-1 

3-21 

3- 69 

4- G7 
5*50 
G03 
G-23 
G-29 
6-38 
6*7G 
7^38 
8-38 
8*82 


This table is a measure of sewage of air not purified, 
and includes the most dangerous substances, germs of 
living things, vegetable and animal. The process for 
determining the nitrogen from them may not include 
absolutely all ; this may be for future enquiry, but the 
table is no less useful or interesting on that account, as 
we can make use only of comparative results. One sea- 
coast country place, England west, gave a number 11‘76. 
I thought it absurd to put such a result among the 
averages, as it was unique as well as contradictory. That 
specimen and another quite anomalous one, which was 
accounted for, are the only specimens the analyses of 
^hich are not included in the above. 
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RAIN. TABLE VIL — Summary of Results, 

COMPARATIVE. NITRIC ACID. 

That of Valentia (Ireland) taken as 1 or 100. 


Runcorn . *75 

Scotland — Inland country places '83 

Ireland — Valentia 1 

England — Sea-coast country place, west .... I 
Scotland „ „ places, „ . . . .1*01 

,, „ ,, n average . . . 1-16 

)i )) I) /, east .... 1'29 

Liverpool 1*57 

England — Inland country places 2*02 

London, 1869 2*27 

England — Towns 2*33 

Manchester, 1869 ........ 2*39 

Manchester, average of 1869 and 1870 .... 2*79 

Scotland — Towns (Glasgow not included) .... 3*14 

Manchester, 1870 319 

St. Helen’s 3*82 

Glasgow 6*72 

German specimens 7*81 


Nitric acid is another measure of purified sewage or 
oxidised nitrogenous bodies. The amount is a measure 
not only of the impure matter, but of the progress made 
in purifying or cleaning it. As before said the German 
specimens were few ; if the average here is at all correct, 
we have a large amount of nitric acid as the probable 
peculiarity of a Continental or inland atmosphere. Possibly 
the greater amount of sulphur in our fuel may diminish 
the tendency to decay and formation of nitric acid from 
vegetable and animal matter. These are questions to be 
answered some day. 



RAIN. TABLE Vni. — Summary of Reaulta. 
COMPARATIVE. FERMAEOANATE TEST, - 
The least amount of Oxygen required in each case taken as 1 or 100. 


Kain obtained from 

‘ Ins itntly. » 
•0L8«1 

Total in a fow 
minutes with 
acid. 
•018=1 

Scotland— Sea-coast country places^ west 

None 

1 

Ireland — Valentia 

ff 

2*72 

German specimens . . . . 

— 

11-22 

Scotland-^Inland country places , , , 

1 

14C7 

„ Sea-coast „ average 

None 

18-50 

England— Inland „ ‘ • 

)> 

25-89 

Scotland — Sea-coast ,, ' east 

V 

36*06 

i Runcorn 

— 

60-55 

j England — Sea-coast country place^ west 

None 

94-77 

! Scotland — To^yns (Glasgow not included) . 

0-89 

104-39 

Manchester, 1809 

703 

113-89 

St. Helen’s . . ' . 

— 

126-44 

England— Towns 

16'89 

152-39 

Manchester, average of 1869 and 1870 • 

12 

179-19 

' Liverpool ....... 

23-64 

216-44 

Manchester, 1870 ...... 

16 96 

244-50 

Glasgow ....... 

’ 23*96 

567*78 


This I consider a very remarkable table. It includes 
most of the other results, and gives a rough summary 
like a touch of common sense, simplifying the most 
tangled figures, and including organic matter and sul- 
phurous acid. 

SUMMARY OF THE AVERAGES. 

Hitherto the numbers given have been comparative, 
the lowest as a rule being taken as one. The following 
tables give the actual numbers, each being itself an 
average number. 
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BAIN. TABLE IX . — Summary of Results. 


AVERAGES. HYDBOCHLOBIC ACID (CHLOBIDES). 


Rain obtained from 

Hydrochloric Acid 
(Chlorides). 

Grains per 
Gallon. 

Parts per 
Million. 

Darmstadt 

•0081 

•97 

London, specimens for 18G9 

•0872 

1-25 

German specimens 

•0919 

1-31 

Birkenhead, Liverpool 

•2217 

317 

Scotland — Inland country places . 

•2:i57 

• 3-.V 

Near an Alkali-Works 

•2.380 

3-40 

England — Inland country places . 

•279.5 

3-99 

Manchester, 1870 

•4055 

5-79 

„ Average of 18C9 and 1870 

•4086 

583 

Scotland — Towns (Glasgow not included) • 

•4102 

5-86 

Manchester, 1860 . . . . . . 

•4118 

5-88 

Newcastle-on-Tyne 

•5078 

8-11 

England — ^IWns 

•609.3 

8-70 

Glasgow . 

•6282 

8 97 ' 

St Helen's 

•G67p 

9-53 

Liverpool . 

•7110 

1010 

Scotland — Sea-coast country places, west 

•8000 

12-28 

„ „ „ «verageof, 



east and west 

•8819 

12-59 

Scotland — Sea-coast country places, east 

•9039 

12-91 

Euncom 

1-8022 

25-74 

Waterloo, near Liverpool .... 

2-6550 

36-50 

Ireland — Yalentia 

3-4067 

48-67 

(England — Sea-coast country place, west, 

3-9308 

5615 

only one) 

1 
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RAIN. TABLE X . — Sbmmary of Results. 

•AVERAGES. SULPHURIC ACID (SULPHATES). 


Bain obtained from 

Sulphuric Acid (Sulphates). 

Grains per 
Gallon. 

Parts per 
Million. 

Scotland — Inland country places , 

• 

•1444 

206 

Ireland — Valentia .... 

. 

•1911 

2-73 

Scotland — Sea-coast countiy places, west 


•2529 

3-61 

England — Inland country places . 

. 

•3865 

6-62 

Scotland— Sea-coast country, ay. of E. & W. 

•3947 

6-64 

England— Sea-coast (west) country . 


, -4110 

688 

Scotland — Sea-coast country places, east. 


•6366 

7-66 

Waterloo, Liverpool .... 


•8004 

11-43 

German specimens .... 


11481 

1640 

Scotland — Towns (Glasgow not included) 


1 1653 

16-60 

London, 1869 . . ... 


1-4345 

20-49 

Birkenhead, near Liverpool 


1-0210 

23-16 

Iluncom 

• 

1-6537 

2302 

'Darmstadt — Germany . . , . 

♦ 

2-0417 

. 29-17 

St. Helen’s 

• 

2-3232 

3319 

England— Towns .... 


2-3988 

34-27 

Liverpool .*.... 


2-7714 

39-69 

Manchester, 1869 .... 


2-9163 

41-66 

Newcastle-on-Tyne . ... 


3-1111 

44-44 

Manchester, average of 1869 and 1870 


3-1378 

44-82 

Manchester, 1870 .... 


3-3693 

47-99 

Glasgow 


4-9139 

7019 

Near an Alkali- Works 


5-1310 

7330 


AVERAGE RESULTS. 
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BAIN. TABLE XI . — Summary of Results. 

AVERAGES. PROPORTION OP HYDROCHLORIC TO SULPHURIC 

ACID (chlorides TO SULPHATES). 

Proportion of 
Hydrochloric to 
Sulphuric Acid. 


Ireland — Valentia 

. 1 

to 

•066 

England— Sea-coast country places, west . 

. 1 

« 

•10 

Scotland „ „ west . 

. 1 

if 

•294 

Waterloo, near Liverpool .... 

. 1 

if 

•31 

Scotland, average sea-coast country places 

. 1 

if 

•447 

„ Sea-coast country places, east . . 

. 1 

if 

*693 

„ Inland „ ... 

. 1 

a 

•61 

Runcorn 

. 1 

a 

•92 

England — Inland country places . • . 

. 1 

if 

1-38 

Scotland — Towns (Glasgow not included) 

. 1 

if 

2-82 

St. Helenas 

. 1 

f* 

3-48 

Liverpool 

. 1 

if 

3-90 

England — Towns 

. 1 

if 

3-94 

Newcastle-on-Tyne 

. 1 

ff 

6-47 

Manchester, 1869 

. 1 

if 

7-08 

Birkenhead 

. 1 

f) 

7-31 

Manchester, average of 1869 and 1870 

•. 1 

if 

7-68 

Glasgow 

. 1 

if 

7-82 

Manchester, 1870 

. 1 

if 

8*29 

German specimens ...... 

. 1 . 

, 12-49 

London, 1869 

. 1 , 

, 16-46 

Near an Alkali- Works 

1 „ 21-66 

Darmstadt— Germany ..... 

1 , 

29-98 
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RAIN. TABLE Xlf . — Summary of Results, 
AVERAGES. TOTAL ACIDS OF CHLORINE AND SULPHUR. 


Hain obtaiof-d from 

Total Acids of Chlorides 
and Sulphates. 

Grains per 
Gallon. 

Parts per 
MiJlioii. 

Scotlnnd— Inland country places . 

•3801 

6-43 

England „ „ ' . ' . 

•C6C1 

9-61 

Scotland — Sea-coast country places, west . 

11129 

15-89 

Gertuan specimens, a few . . . . 

1-2400 

17-71 

Scotland— Sea-coast country-places, average. | 

1-2760 

18-23 

1 

,. ,, ,, • 

1-4392 

20-67 

1 London, 1800 ....... 

1-6217 

21-?4 

1 Scotland — Towns (Glasgow not included) . 

1-6055 

22-30 

\ Llilicnliead, near liverpool . 

1-8427 

20-32 

\ 

Daxmstadt — Germany 

2-1098 

30-14 


St. Helen's 

2-0002 

42-72 


England — Towns 

8-0081 

42-97 


Manchester, 1809 

3-3281 

47-64 


Waterloo, near Liverpool .... 

3-3564 

47-93 


• 

Runcorn 

3-4659 

49-37 


Liverpool ....... 

3-4824 

49-76 


Manchester, average of 1809 and 1870 . 

3-5404 

50-06 


Ireland— Valentia 

3-6978 

51-40 


Newcastle-on-Tyne 

30789 

62-65 


Manchester, 1870 

3-7048 

53-78 


England— Sea-coast, west, one specimen 

4-3424 

62-03 


Near an Alliali-Works .... 

6-3090 

70-70 


Glasgow 

5-5421 

79-17 



AVERAGE KESULTS. 
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EAIN. TABLE Xlll— Summary of Remits. 
AVERAGES. ACIDITY. 



Acidity calc, as Sulphuric 
Acid (Anhydride). 

Rain obtained from 

Grains per 
Gallon. 

- • 

Parts per 
Million. 

Ireland — Valcntia . . . . * . 

None 

None 

England — Inland country places . . . 


ff 

„ Sea-coast, one place 



Scotland „ country places, west . 

•0097 

*•140 

,, Inland „ ... 

*0220 

•314 

German specimens 

•0804 

1-273 

Scotland — Sea-coast country places, E. & W. 

•0902 

1-290 

Darmstadt — Germany .... 

•1218 

1-740 

Scotland — Sea-coast country places, east 

•1708 

2-440 

„ Towns (Glasgow not included) . 

•2217 

3-lGO 

London, 18G0 

•2713 

3-875 

St. Helen’s 

•2785 

3 980 

Manchester, 1869 

•5833 

8-33 

England — Towns 

•5972 

8-53 

Manchester, average of 18G9 and 1870 

•7124 

10-17 

Runcorn 

•7993 

11-42 

Liverpool 

•8000 

1150 

Manchester, 1870 

•8416 

12-02 

Glasgow 

1-0589 

15 13 
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RAIN. TABLE XIV . — Summary of Results. 

AVERAGES. AMMONIA. 


Valentia — Ireland 




Ammonia, 
Parts per 
Million. 

. *180 

Scotland — Sea-coast country places, west , 



. *484 

„ Inland 

ft • 



. -632 

„ Sea-coast 

„ average 



. -738 

yf ff • 

„ east . 



. -992 

England — Inland 

tf 



. 1070 

„ Sea-coast 

„ west . 



. 1-900 

German specimens . 

. . 



. 1-910 

London, 1869 . 

, . . . 



. 3-450 

Scotland — Towns (Glasgow not included) 



. 3-820 

St. Helen’s 

.... 



. 4-660 

Runcorn . 

.... 



. 4-630 

England — Towns 

. 



. 6-16 

Liverpool . 




. 6-380 

Manchester, 1809 




. 6-360 

Manchester, 1869 and 1870, average . 



. 6-469 

„ 1870 . 

.... 



. 6-678 

Glasgow . 

. 



. 9-100 


RAII^. TABLE XV . — Summary of Results. 
AVERAGES. ALBUMINOID AMMONIA. 


Ireland — Valentia 

Scotland — Inland country places . 


„ Sea-coast 

ft 

west . 

. -106 

ft ft 

ft 

average 

. -106 

tf ft 

ft 

east . 

. -106 

England — Inland 

ft 


. *109 

German specimens 

. 


. *122 

Liverpool 

. 


. *169 

Runcorn 

. 


. -190 

London, 1869 


• 

. -205 


Albuminoid Ammonia. 
Parts per Million. 

. -034 
. -039 



average: results. 
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Albuminoid Ammonia. 
Parts per Million. 


Scotland — ^Towns (Glasgo'vf not included) 
England „ • • . • 

Manchester^ 1869 .... 

St. Helen’s 

Mjinchester, 1869 and 1870, average . 

„ 1870 .... 

Glasgow 

England — Sea-coast country place, west 


. *212 
. *214 
. -217 
. *230 
. -261 
. -285 
. -300 

. -400 


RAIN. TABLE XVI . — Summary of Results. 

AVERAGES. NITRIC ACID. 

Nitric Acid 
Parts per 
Million. 


Runcorn , . . . *278 

Scotland — Inland country places ..... *305 

Ireland — Valentia *370 

England — Sea-coast country place '371 

Scotland „ country places, west .... *372 

„ „ „ average . . . *424 

„ „ „ east .... -476 

Liverpool *682 

England — Inland country places *749 

London, 1869 . *840 

England — Towns . -863 

Manchester, 1869 *886 

Manchester, average of 1869 and 1870 .... 1*032 

Scotland — Towns (Glasgow not included) .... 1*164 

Manchester, 1870 1'179 

St. Helen’s 1*413 

Glasgow . \ . . 2*436 

German specimens 2*890 
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RAIN. 


RAIN. TABLE JiVll.— Summary of Results. 
AVERAGES. PERMANGANATE TEST. 


Rain obtained from 

Parts by Weight. Oxygen 
required per Million 
Parts of Rain. 

Instantly. 

Total in a 
few Minutes 
with A<^id. 

Scotland — Sea-coast country pluceSi west 

None 

•018 

Ireland — Valentia 


•049 

German specimens 


•202 

Scotland —Inland country places . 

•028 

•264 

„ ^ Sea-coast ,, average . 

None 

•333 

England — Inland „ ... 

yy 

•466 

Scotland— Sea-coast „ east 

yy 

•049 

Runcorn 

— 

1-090 

England — Sea-coast country, west, one 

yy 

1-706 

specimen 



Scotland — Towns (Glasgow not included) . 

•179 

1-879 

Manchester, 18G9 

•197 

2 050 

St. Helenas 

— 

2276 

England — Towns . . . 

•445 

2-743 

Manchester, average of 18G9 and 1870 

•836 

3-226 

Liverpool ....... 

•662 

3-896 

Manchester, 1870 

•476 

4*401 

Glasgow 

•671 

10040 


ACTUAL AMOUNTS, OR DETAILS OF THE EXPERIMENTS. 

The two sets of tables, already given are sufficient to 
show the nature of the results, and are all that are 
required for general principles. The amounts obtained 
by experiment for any place may be compared with 
them and a position assigned accordingly. 

It is, nevertheless, interesting to see the individual 
cases, and it is necessary to show the figures from which 
the averages are collected. 
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BAIN. TABLE XVIII. 
HYDROCHLORIC ACID (CHLORIDES). 


Sea-coast country places — Scotland. 
EAST COAST. 




Eleva- 

tion. 



Hydi-ochloric 

Acid. 

Rain obtained from 

Wind. 

Date. 

1 

Grains 

per 

Gallon. 

Parts 

ix;r 

Million. 

Kirkwall, Orkney 

ft. 

10 

Southerly 

December 30 to 

1-0220 

14-60 




January 8 



Preston Kirk, Iladding- 

90 

Westerly 

Dec. 1869 to 

•5110 

7-3() 

ton shire 



o 

e-. 

00 

3 . 



New Pitsligo, Ahordein- 

500 

Southerly 

Dec. 1869 to 

2-8389 

40*50 

shire 



Feb. 1870 




500 

— 

April 28 to 

10 130 

14 90 




June 12, 1870 



Nooklon, Windygatc, Fife- 

80 

Westerly 

Dec. 1869 to 

•1 160 

2-09 

shire 



April 1870 



Jhirry Village, Carnoustie . 

12 

— 

Dec. 1869 to 

•7303 

10-43 




June 1870 



>1 

25 

— 


•6387 

912 

ff ff 

45 

— 

it it 

•3010 

4-30 

Average 

i 

i 

— 

- * 

, 

•9039 

12-91 

WEST COAST. ' j 

North Ui.st 

Low 



March 1869 

3-5770 

51-10 

Tyree .... 

Low 

— 

May 

•3650 

5-21 

Kelly, Weinyss Bay . 

About 

SW. j NE. 

Juno 12 to 15, 

•0852 

1*22 


1.00 1 

short time 

1869 



Auchendrane, Ayrshire 

97 ' 

— 

Dee. 1869 

•4258 

608 

Cargen, 3 miles south of 

70 

SW. and 

Dec. 29, 1869, 

•3194 

4-56 

Dumfries 


NW. 

to Jan. 8, 1870 



Row, Dumbartonshire 

— 

— 

Nov. 1869 

•1277 

1-82 

Stornoway, Western Isles . 

— 

S. to SW. 

— 

1 0220 

14-60 

Kallabus, Islay 

60 

" 

Oct. 1870 

•9579 

13*68 i 

.. i 

Average , 

— 

— 

— 

•8600 

i 

12-28 , 



rain, table xrx. 
bdlpsubic acid (sulpiutes). 

Sea-coast countiy places— Scotland. 

EAST COAST. 



Eleva- 

tion. 



Sulphuric Acid, j 

Kain obtained from 

Wind. 

Date. 

Grains 

per 

Gallon. 

Parts 

1 per 
Million. 

■Kirkwall, Orkney 

ft. 

10 

Southerly 

Dec. 30, 1869, to 

•5880 

8-40 1 




Jan. 8, 1870 



Preston Kirk, Haddington- 

90 

Westerly 

Dec. 1869 to 

•7350 

10-50 

shiro 



Feb. 1870 



Now Pitsligo, Aberdeen- 

500 

Southerly 

Dec. 1869 to 

•7350 

10-50 

sliire 



Fob. 1870 



i» »» 

500 

— 

April 28 to 

•2646 

3-78 




June 12, 1870 



Nookton, "Windygato, Fife- 

80 

Westerly 

Doc. 1869 to 

•5880 

8-40 

shiro 



April 1870 



Barry Village, Carnoustie . 

12 

— 

Doc. 1869 to 

•4683 

"6-69 




June 1870 



M »> 

25 

— 

M II 

•1999 

2-86 

II >» 

45 

— 

II II 

•7140 

10-20 

Average . , . 

— 

— 

-- 

•5366 

7-66 

WEST COAST. 

North Uist 

Low 

— 

March 1869 

•5880 

8-40 

Tyree . . . . 

Low 

— 

May 

•1176 

1*68 

Kelly, Wemyss Bay . 

150 

SW.; NK 

Juno 12 to 15, 

•0588 

•84 



short time 

1869 



Auchendrane, Ayrshire 

97 

— 

Dec. 1869 

•0882 

1-26 

Cargen, 3 miles south of 

70 

SW. and 

Dec. 29, 1869, 

•0882 

1-26 

Dumfries 


NW. 

to Jan. 8, 1870 



Bow, Dumbartonshire 

— 

— 

Nov. 1869 

•2262 

3-23 

Stornoway, Western Isles . 

— 

S. to SW. 

— 

•1764 

2*52 

Eallabus, Islay 

60 

— 

Oct. 1870 

•6799 

9-71 

Average 

— 

— 

— 

•2S29 

3-61 
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RAIN. .TABLE XX. 

PROPORTION OP HYDROCHLORIC TO SULPHURIC ACID 

(chlorides to sulphates). 

Sea-coast country places — Scotland. 

FAST COAST. 

Proportion of Hydrochloric to 
Sulphuric Acid. 


Kirkwall, Orkney ..... 

1 

to 

•57 

Pre.3toii Kirk, Haddingtonshire 

1 

if 

1*4 4 

New Pitsligo, Aberdeenshire, Dec. to Feb. . 

1 

a 

•2G 

„ „ April to June . 

1 

a 

•180 

Nook ton, Windygate, Fifoshiro 

1 

fi 

402 

Barry Village, Carnoustie, 12 ft. high . 

1 

if 

•04 

„ „ 25 „ . . 

1 

it 

•21 

)f ff )f * 

1 

if 

2*27 

Ratio of Average Acids 

1 

a 

•593 


WEST COAST. 


North Uist 

. 1 to 

•10 

Tyree 

• 1 „ 

•32 

Kelly, Womyss Bay .... 

• 1 „ 

•00 

Auchendrano, Ayrshire 

• > „ 

•21 

Cargen, 3 miles south of Dumfries 

• 1 „ 

•28 

Row ....... 

• 1 „ 

1-77 

Stornoway, Western Isles 

. 1 ,, 

•17 

Eallabus, Islay 

• 1 „ 

•71 

Ratio of Average Acids 

• 1 » 

•294 

„ Average of both coasts 

. 1 „ 

•447 
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BAIN. 


RAIN. TABLE XXI. 
ACIDITY (free acids). 
Sea'Coast country places — Scotland. 
EAST COAST. 



ilcidity calculated as 
Sulphuric Anhydride. 

Rain obtained from 

Grains per 
Gallon. 

Parts per 
Million. 

Kirkwall, Orkney 

None 

None 

Preston Kirk, Haddingtonshire . 

fi 

if 

New Pitsligo, Aberdeenshire 

ff 

ff 

ff ... 

ff 

if 

Nookton, Windy gate, Fifeshire . 

if 

ff 

Barry Village, Carnoustie, 12 ft. high , 

•6124 

7-32 

. ff if )f 

•6124 

7-32 

fi if ff 

•3416 

4-88^ 

Average . . . . 

•1708 

2*44 

WEST COAST. 

North Uist . ‘ 

None 

None 

Tyree 

•0683 

•97 

Kelly, W'emyss Bay 

None 

None 

Auchendrane, Ayrshire .... 

ff 

if 

Cargen, 3 miles south of Dumfries 

if 

ff 

Row . 

— 

— 

Stornoway, Western Isles .... 

None 

None 

Eallabus, Islay 

if 

if 

Average 

•0097 

•14 

Average of both coasts . 

•0966 

1-36 
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RAIN. TABLE XXII. 
AMMONIA. 

Sea-coast country places — Scotland. 
EAST COAST. 


Rain obtained from 

Eleva- 

tion. 

Wind. 

Date. 

Ammonia. 
Parts per 
Million. 

Kirkwall, Orkney . 

Preston Kirk, Haddingtonshire 

New Pit&ligo, Aberdeenshire . 

i» 11 • 

Nookton, Windygate, Fifoshire 

Barry Village, Carnoustie 

>1 11 . 

11 11 . 

Average 

ft. 

10 

90 

600 

600 

80 

12 

25 

45 

S. chiefly 

Westerly 

Southerly 

Westerly 

Dec. 1869 to 
Jan. 1870 

Dec. 1869 to 
Fob. 1870 

Doc. 1869 to 
Feb. 1870 

April 28 to Juno 
12, 1870 

Dec. 1869 to 
April 1870 

Dec. 1 869 to 

June 1870 

11 

2-467 

1-70 

! 

1 P4o 

•36 

•66 

•68 

•44 

•18 

•992 


WEST 

COAST. 



North Uist .... 

Low 



March *1869 

1-20 

Tyree 

Low 

— 

May 

•40 

Kelly, Wemyss Bay 

150 

SW.; NE. 

Juno 12 to 15, 

•15 



short time 

1869 


Auchendraue, Ayrshire • 

97 

— 

Dec. 1869 

•10 

Cargen, 3 miles south of 

70 

SW. and 

Dec. 29, 1869, to 

•16 

Dumfries 


NW. 

Jan. 8, 1870 


Row 

— 

— 

Nov. 1869 

•48 

Stornoway, Western Isles 


S. to SW. 


•48 

Eallabus, Islay 

60 

— 

Oct. 1870 

•90 

Average 

— 

— 

— 

•484 

Averages of both coasts 


. *738 
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KAIN. TABLE XXIII. 

ALBUMINOID AMMONIA (MEASURE* OF ORGANIC BODIES CON- 
TAINING NITROGEN — INCLUDES PUTRESCIBLE SUBSTANCES). 

Sea-coast country places — Scotland. 

EAST COAST. 


Hain obtnincfl from 

Eleva- 

tion. 

Wind. 

Date. 

Albu- 
minoid 
Ammonia. 
Parts per 
Million. 

Kirkwall, Orkney . 

ft. 

10 

Southerly 

Dec. 1869 to 
Jan. 1870 

■080 

Preston Kirk, lladdingtonsliiro 

90 

Westerly 

Dec. 1 869 to 
Feb. 1870 

•06 

Now Pitslipo, Abcidconshiro . 

500 

Southerly 

Dec. 1869 to 
Feb. 1870 

•07 

n i> • 

500 

— 

April 28 to June 
12, 1870 

•04 

Nookton, AVindjgale, FiftsLiro 

80 

Westerly 

Dec. 1869 to 
April, 1870 

•12 

Parry Village, Carnoustie 

12 

— 

Dec. 1869 to 
June, 1870 

•OQ 

M it • 

25 

— 

ti 

•20 

»» >» • 

45 

— 

)> 

•216 

Average 

— 

— 

— 

•IOC 

• 

WEST 

COAST. 



North Ui&t .... 

Low 



March 1869 



T}tco 

Low 

— 

May 

•3 

Kelly, Wemyss Pay 

150 

SW.; NE. 

June 12 to 15, 

•075 



short time 

1869 


Aueliendrane, Ayrshire . 

97 

— 

Dec. 1869 

•018 

Cargen, 3 miles south of 

70 

SW. and 

Doc. 29, 1869, to 

•060 

Dumfries 


NW. 

Jan. 8, 1870 


Pow, Dumhartonshiro 

— 

. — 

Nov. 1869 

— 

Stornoway, Western Isles 

— 

S. to SW. 

— 

•08 

Eallabus, Islay 

GO 

— 

Oct. 1870 

•20 

Average . . , | 

— 

i 


•105 

Average of both coasts 

. 

* . -106 
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KAIN. TABLE XXIV. 
NITRIC ACID. 

Sea-coast country places — Scotland. 
EAST COAST. 


Raiu obtained from 

Eleva- 

tion. 

Wind. 

Date. 

I Nitric 

Acid. 
I*arts per 
Million. 

Kirkwall, Orkney . 

ft. 

10 

S. chiefly 

Dee. 1 SG9 to 
Jan. 1870 

•259 

Preston Kirk, Iladdingtonshiro 

90 

Westerly 

Dec. 1 869 to 
Feb. 1870 

•667 

New Pitsligo, Aberdeenshire . 

500 

Soutlierly 

Dee. 1869 to 
FVb. 1870 

•556 

»> fi • 

500 

— 

April 28 to June 
12, 1870 

•901 

Nookton, 'Windygate, Fifeshire 

80 

Westerly 

Dec. 1869 to 
April 1870 

•345 

Barry Village, Carnoustie 

12 

— 

Dee. 1869 to 
Juno 1870 

•022 

M »» • 

25 

— 

““ »» 

•345 

>» It • 

45 

— 

— 

•715 

Average 

— 

— 

— 

•476 


WEST 

COAST. 



North Uist .... 

Low 



• 

March 1869 

•556 

Tyree 

Low 

— 

May 


Kelly, Wemyss Bay 

150 

SW. ; NE. 

Juno 12 to 15, 

•186 



short time 

1869 


Auchendrano, Ayrshire . 

97 

— 

Doc. 1869 

•111 

Cargen, 3 milea south of 

70 1 

BW. & NW. 

Dec. 29, 1869, to 

‘185 

Dumfries 



Jan. 8, 1870 


Eow . . _ . 

— 

— 

Nov. 1869 

— 

Stornoway, Western Isles 

— 

aS. to SW. 


•482 

Eallabus, Islay 

60 

— 

Oct. 1870 

•713 

Average 

— 

— 

— 

•372 

Average of both coasts 

. 

. . A . 

•431 
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BAIN, 


RAIN. TABLE XXV. 
PBRMANtiANA^E TEST. 

Sea-coast country places — Scotland. 


EAST COAST. 






Parts by Weight. 
Oxygen required 
per Million Parts 

1 

Eleva- 



of Bain. 

1 





Bain obtained from 

tion. 

Wind. 

Date. 

Instantly 

Total 
in a few 
Minutes 






with 






Acid. 

i 

Kirkwall .... 

ft. 





19 

S. chiefly 

Dec. 1869 to 

None 

•804 



Jan. 1870 



Preaton Kirk . 

90 

Westerly 

Dec. 1869 to 


1023 



Feb. 1870 



New' Pitsli/^o . 

500 

Southerly 

Dec. 1869 to 


•163 



Fob. 1870 



>> ... 

500 

— 

April 28 to 

99 

•065 




Juno 12, 1870 



Nookton .... 

80 

Westerly 

Dec. 1869 to 

M 

•368 



April 1870 



Hjirry Village . 

1 

12 

— 

Dec. 1869 to 


•975 



June 1870 


• 

>t ... 

25 

— 

— „ 

9 9 

•780 

M ... 

45 

— 

— M 

99 

■715 

Average 

-- 

1 — 

I — 

None 

•649 

WEST COAST, 

i North Uiat 

Low 


March 1869 





j Tyree .... 

Low 

— 

May M 

— 

— 

■ Kelly, Wemy.«s I3ay . 

1 

150 

SW. ; NE. 

June 12 to 1.5, 

— 

— 


short time 

1869 



1 Aiichondrano 

97 

— 

Dec. 1869 

None 

None 

Cargon, H miles south of 

70 

SW. and 

Dec. 29, 1869, to 
Jan. 8, 1870 



l)um fries 


NW. 



Kow .... 

— 


Nov. 1869 

— 


Stornow'ay 

— 

S. to SW. 

— 

None 

•073. 

l^llabus .... 

GO 

— 

Oct. 1870 


None 

Average 

“ 

— 

— 

None 

■018 

Average of both coasts 

* 

. None 

•439 
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-RAIN. TABLE XXVI. 

Soa-coaat country— Charfield, Berkeley, Gloucestershire, England. Jan. 1870. 


Acid.s and Alkalies. 

Grains 

per 

Gallon. 

Parts 

per 

Million. 

Hydrochloric Acid (Chlorides) .... 

^•9308 

i 

5015 

Sulphuric Acid (Sulphates) ..... 

•4110 

5*88 

Total Acid (Acids of Chlorides and Sulphates and 

4-3424 

G203 ’ 

free) 

1 

1 

Acidity ......... j 

None 

None 

Proportion of Hydrochloric to Sulphuric Acid (Chlorides 


to Sulphates) 

. 1 

to *104 


Parts por Million. 


Ammonia . . . , , . .1*90 


Albuminoid Ammonia . 

• • 

•40 

Nitric Acid .... 

. 

•371 


Parts by Weight. Oxygen 
required por Million 
Parts of Bain. 

1 

Porm.'ing.inate Test. 

Instantly. 

1 

Totiil in a few 
Minutes 
with Acid. 


None 

1700 
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RAIN. TABLE XXVU. 

Sea-coast— Valentia, Ireland. 


Acids and Alkalies. 

Grains per 
Gallon. 

Parts per 
Million. 

Hydrochloric Acid (Chlorides) . 

Sulphuric Acid (Sulphates) 

3-4007 

•1911 

4807 

2-73 

Proportion of Hydrochloric to Sulphuric Acid (Chlorides 

to Sulphates) 1 to *05(5 

Acidity None. 

Parts per Million. 

Ammonia *18 • 

Albuminoid Ammonia *034 

Nitric Acid . *370 

• 

Permanganate Test. 

! .. 

Parts by Weight. Oxygen 
required per Million 

Parts of Pain. 

Instantly. 

Total in a few 
Minutes 
with Acid. 

None 

*049 
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lUlN. TABLE XXVIII. 
HYDROCHLORIC ACID (CHLORIDES). 


luland country places — Scotland. 



Eleva- 

tion. 



Hydrochloric 

Acid. 

Rain obtained from 

Wind. 

Date. 

Grains 

per 

Gallon. 

Parts 

per 

Million. 

Lanark .... 

ft. 

G34 

S. & W. 

Doc. 1869 

•1825 

261 

Cirnwatli, Lanarkshire . 

702 

— 

Nov. 1869 to 

•2.).i5 

3-65 

Carle sgHi, Lumfricsshirc . 

370 

sw. & w. 

Jan. 1870 

Nov. and Dec. 

•2840 

406 


»i 

NW., NE., 

1869 

Spring, 1870 

•1460 

2-09 

Wanlockliead „ 

1,330 

& SE. 

SAV. 

Dec. 18, 1869, 

•3650 

5^21 1 

Dahvhiiinii-, Invcrnosssliire 


_ 

to Jan. G, 1870 

Jan. 1870 

•1277 

1-82 

Aherleklie 

.000 

E. & W. 

My 13& 14, 187(1 

•1548 

2-21 

Snow from the liill behind 

200(?) 

After an E. 

Jan. 4, 1870 

•1277 

1-82 

Cmgie, Perth 






North liieli, Perth 

20 

SW. to SE. 

Jan. 1870 

•3931 

5-61 

Craigie 

— 

— 

Jan. and Eeh. 

•3194 

4-56 

Balgowaii, Pertlisliiro 


, - 

1870 

Feb. 13 to IG, 

•2555 

3-65 

Nortli Esk Reservoir, Edin- 

1,LOO 


1869 

•2493 

3-56 

bui^hshire 




1 


Crieff .... 

245 

— 

Dec. 1869 to 

•2044 

2-92 

Average 

— 

— 

Jau. 1870 

i 

'23d/ i 

j 

3-37 
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BAIN. 


RAIN. TABLE XXIX. 
SULPHURIC ACID (SULPHATBS). 
Inland country places— Scotland. 


! ■ 




! Sulphuric Acid. 

Bain obtained from 

Eleva- 

tion. 

Windr 

Date. 

Grains 

per 

Gallon. 

1 Farts 
per 

Million. 

Lanark .... 

ft. 

634 

S. & W. 

Doc. 1869 

•1470 

210 

Carnwath, Lanarkshire . 

702 

— 

Nov. 1869 to 

•0735 

1-05 

< 

Garlesgill, Dumfriesshire . 

370 

sw. & w. 

Jan. 1870 

Nov. and Dec. 

•1029 

1-47 

M »» • 

1) 

NW., NE., 

1869 

Spring, 1870 

•1176 

1'68 

Wanlockhead , 

1,330 

&SE. 

SW. 

Doc. 18, 1869, 

•0882 

1-26 

Dalwhinnic, Invcrncss-shiro 



to Jan. 6, 1870 

Jan. 1870 

•1470 

2-10 

Abcrfoldie 

600 

E. & W. 

Myl3&14,1870 

•2450 

3-50 

Snow from the hill behind 

200 (?) 

After an E. 

Jan. 4, 1870 

•0441 

•63 

Craigie, Perth 






North Inch, Perth , , 

20 

SW.&SE. 

Jan. 1870 

•2058 

2-94 

Craigie „ 

— 

— 

Jan. and Feb. 

•1176 

1-68 

Balgowan, Perthshire 



1870 

Feb. 13 to 16, 

•2940 

4-20 

1 

North Esk Reservoir, Edin- 

1,160 


1869 

•2206 

315 

burghshire 






Crieff .... 

245 

— 

Dec. 1869 to 

•0735 

1-05 

Average 

— 

— 

Jan. 1870 

•1414 
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RAIN. TABLE XXX. 

1‘KOPORTION OF HYDROCHLOBIC TO SULPHURIC ACID 

(chlorides to sulphates). 


Inland country places — Scotland. 


Lanark 

. 1 

to 

•81 

Carnwath, Lanarkshire . • , 

. 1 


•29 

Oarlesgill, Dumfriesshire, 1869 

. 1 


•36 

» 1870 . . 

. 1 

ff 

•80 

Wanlockhead 

. 1 

>> 

•24 

Dalwhinnie, Inverness . . * . 

. 1 

ff 

1-15 

Aberfeldie 

. 1 

n 

]-o8 

Snow from the hill behind Craigie, Perth 

. 1 

ff 

•34 

North Inch, Perth . . . • 

. 1 

If 

•52 

Craigie „ • • • . 

. 1 

ff 

•37 

Balgowan „ • • « . 

. 1 

yf 

•15 

North Esk Reservoir, Edinburghshire , 

. 1 

yy 

•88 

CrielF 

. 1 

yy 

•36 

Ratio of Average Acids . 

. 1 

yy 

•61 
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BAIN, 


KAIN. TABLfi XXXI. 
ACIDITY (PBER ACIDS). 

Inland country places— Scotland. 



Acidity calculated 


as Sulphuric Anhydride. 

Rain obtained from 





Grains per 

Parts per 


Gallon. 

Million. 

Lanark 

None 

None 

Camwath, Lanarkshire .... 

V 


Carlesgill, Dumfriesshire . . . ’ . 

•0342 

•49 

ft ff .... 

None 

Nonp 

AVanlockhead 

o 


Dalwhinnie, Invernes.s .... 

•1025 

1-40 

Aberfeldio 

None 

None 

Snow from the hill behind Craigie, Perth . 

•1025 

1-4C 

North Inch, Pei th 

None 

None 

Craigie „ 

•0342 

•49 

Balgowan, Perthshire 

None 

None 

North Esk Reservoir, Edinburghshire . 


if 

Crieff 

•0137 

•19 

Average 

•02*20 

•314 
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RAIN. TABLE XXXII. 

AMMONIA. 


Inland country places— Scotland. 


Hain obtainoil from 

Eleva- 

tion. 

Wind. 

Date. 

Ammonia 
Parts per 
Million. 

Jjiinark 

ft. 

634 

S.& W. 

Dec. 1869 

•36 

Carnwath, Lanarkshire . 

702 

_ 

Nor, 1869 to 

•42 

Carlesgill, Dumfriesshire 

370 

sw. & w. 

Jan. 1870 

Nov. and Doc. 

•26 

II II . 

II 

NW., NE., 

1869 

Spring, 1870 

•56 

Wanlockhead „ 

1,330 

&SE. 

SW. 

Dec. 18, 1869, to 

•16 

Dalwhinnio, Inverness-shire . 



Jan. 6, 1870 

Jan. 1870 

•27 

Aberfeldie .... 

500 

E. & W. 

May 13 & 14, 1870 

1-02 

Snow from the hill behind 

200(?) 

After an E. 

Jan. 4, 1870 

' *48 

Craigie, Perth 





North Inch, Perth . 

20 j 

SW. & SE. 

Jan. 1870 

•68 

Craigie 

— 

— 

Jan. and Fob. 

•90 

Balgowan, Perthshire , 



1870 

Fob. 13 to IG, 


North Esk Reservoir, Edin- 

1,150 


1869 

M4 

burghshire 





Crieff 

245 

— 

Dec. 1869 to Jan. 

•14 

Average 

— 

— 

1870 

1 

•532 
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RAIX 


RAIN. TABLE XXXIII. 

ALBUMINOID AMMONIA (MEASURE OP ORGANIC BODIES CON- 
TAINING NITROGEN — INCLUDES PUTRESCIBLE SUBSTANCES), 


Inliind country pLiccs — Scotland. 


Rain obtained from 

Eleva- 

tion. 

Wind. 

Date. 

Albu- 
minoid 
Ammonia 
Parts jier 
Million. 

Lanark 

ft. 

G34 

s. & w. 

Doc. 1869 

•030 

Carnwath, Lanarkshire 

702 

— 

Nov. 18C9 to 

•012 




Jan. 1870 


Carlcsgill, Dumfriessliiro 

370 

sw. & w. 

Nov. and Dec. 

•020 




1869 


» n 

»i 

«W., NK., 

Spring, 1870 

•080 



&SE. 



Wanlockhcad „ 

1,330 

iSW. 

Doc. 18, 1869, to 

•024 




Jan 6^ 1870 


Dalwhinnio, Inverness-shire . 

— 

— 

Jjin. 1870 

•026 

Aborfeldio .... 

j 

E. & W. 

May 13 & 14, 1870 

•060 

Snow from the hill behind |200 (?] 

After an E. 

Jan. 4, 1870 

•052 

Craigio, Perth 

North Inch, Pertli . 

20 

SW. & SE. 

Jan. 1870 

.•oco 

Craigie „ . . . 

— 

— 

Jan. and Feb. 

•050 




1870 


Balgowan, Perthshire 

— 

— 

Feb. 13 to 16, 

— 




1869 


North Esk Reser\’oir, Ediii- 

1,150 

— 

— 

•048 

burghshire 





Crioif ..... 

245 

— 

D»‘ 0 . 1869 to Jan. 

•010 




1870 


Average 

— 

— 

— 

•039 
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KAIN. TABLE XXXIV. 

NITRIC ACID. 

Inland conntry places — Scotland. 


Rain obtained from 

Eleva- 

tion. 

Wind. 

iMto. 

Parts per 
trillion. 

Lanark 

ft. 

634 

S. & W. 

Dec. 1869 

•185 

Carnwath, Lanarkshire . 

702 

Sly & W. 

Nov. 1869 to 

•on 




Jan. 1870 


Carlesgill, Dumfriesshire 

370 

fiW, & W. 

Nov. and Dec. 

•IJl 




1869 


»» >» • 

„ 

NW., NE., 

Spring, 1870 

•446 



&SE. 



Wanlockhead „ 

1,330 

sw. 

Dec. 18, 1869, to 

•111 




Jan. 6, 1870 


Dalwhinnie, Inverness-shire . 



— 

Jan. 1870 

•185 

Aberfeldio .... 

600 

E. & W. 

May 13 and 14, 

1-086 




1870 


Snow from the hill behind 

200 (?) 

After anE. Jan. 4, 1870 

•371 

Craigie, Perth 


! 



North Inch ,, 

20 

SW. & SE. 

Jan. liVO 

•269 

Craigie „ . . . 

— 

— 

Jan. and Feb. 

•371 




1870 


Balgowan, Perthshire 

— 


Feb. 13 to 16, 

— 




1869 


North Esk Reservoir, Edin- 

1,160 

— 

— 

•466 

burghshire 





Crieff 

246 

— 

Dec. 1869 to Jan. 

•074 




1870 


Average 

— 

— 


•306 




X 
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BAIN. 


RAIN. TABLE XXXV. 
PERMANGANATE TEST. 


Inland country places — Scotland. 



Eleva- 

tion. 



Parts by Weight. 
Oxygen required 
per Million Parts 
of Bain. 

Rain obtained from 

Wind. 

Date. 

Instantly. 

Total 
in a few 
Minutes 
with 
Acid. 

Lanark .... 

ft. 

634 

S. & W. 

Dec. 1869 

None 

None 

Carnwath .... 

702 

— 

Nov. 1869 to 

„ 

•049 

Carlesgill .... 

370 

sw. & w. 

Jan. 1870 

Nov. and Dec. 

yf 

None 

M 4 . . 


NW. NE. 

1869 

Spring, 1870 

f) 

' -lOS 

Wanlockhoad • 

1,330 

& SE. 

SW. 

Dec. 18, 1869, 

yy 

None 

Dalwhinnie . . * 



to Jan. 6, 1870 

Jan. 1870 

•098 

•292 

Aberfoldie . * 

600 

E. &W. 

May 13 & 14, 

None 

•325 

Snow from the hill behind 

200 (?) 

After an E. 

1870 

Jan. 4, 1870 

•098 

•341 

Craigie, Perth 






North Inch) Perth 

20 

SW. & SE. 

Jan. 1870 

•146 

•560 

Craigie ), 

— 

— 

Jan. and Feb. 

None 

•999 

Balgowan 

. 


1870 

Feb. 13 to 16, 





North Esk Reservoir, Edin- 

1,160 


1860 

None 

•282 

burghshire 






Crieff . . . 

245 

— 

Dec. 1869 to 

>» 

•128 

Average 

— 


Jan. 1870 

•0285 

•264 1 
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RAIN. TABLE XXXVI. 
HYDROCHLORIC ACID (CHLORIDES ). 


Inland country places — England. 




Hydrochloric Acid 

Bain obtained from 

Date. 

Grains 

per 

Gallon. 

Parts 

per 

Million. 

Tring, Hertfordshire . 

January 1870 

•0920 

1-33 

Mattishall, Norfolk . 

November ,, 

•1022 

1-46 

Wilcot, near Baschurch, Salop . 

August „ 

•1217 

1-74 

Ludlow (Stoke House) „ 

yy yy 

‘1/507 

2-28 

Banbury, Oxfordshire 

yy 

•1703 

2-43 

Aldershot 

yy 

•1703 

2-66 

Bugby, Berks .... 

January ,, , 

•3407 

4-87 

Cirencester, Royal Agricultural 
College 

Dec, 18, 19, 1869 • 

•36/50 1 

5-21 

Streatley, Berks 

Jan. 1 to Beb. 7, 1870 

•3660 

521 

Bracondale, near Norwich 

yy 

•3931 

501 

Geldeston, Beccles 

— yy 

•4258 

0-08 

Wilcot, near Baschurch, Salop . 

January „ 

•0387 

912 

Average .... 

. 

•2795 

3-99 
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RAIN. 


RAIN. TABLE XXXVII. 

SULPHURIC ACID (SULPIIATRS). 


Inland country places — England. 


Ruin obtained from 

Date. 

Sulphui 

Grains 

per 

Gallon. 

ric Acid. 

Parts 

per 

Million. 

Wilcot, near Baschurch, Salop . 

August 1870 

•1285 

1-84 

Tring, Herts .... 

♦January „ . 

•1470 

2-10 

Streatley, Berks 

Jan. 1 to Feb. 7, 1870 

•1704 

2-62 • 

Aldershot . . . . ’ . 

ff 

•2087 

291 

Cirencester^ Boyal Agricultural 
College 

Dec. 18, 19, 18G9 

•2362 

3-36 

Rugby 

January 1870 

•2940 

4-20 

Ludlow (Stoke House), Salop . 

August „ 

•2940 

4-20 

Geldeston, Beccles . 

n 

•3284 

4^62 

Wilcot, near Baschurch, Salop . 

January „ 

•3822 

6-46 

Banbury, Oxfordshire 

— ff 

•6250 

7-60 

Mattiflhall, Norfolk . 

November „ 

•7628 

10-74 

Bracondale, near Norwich . 

I 

— h 

M760 

16-80 

Average .... 

i 


•3865 

6-62 
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EAIN, TABLE XXXVIII. 

PKOPORTION OP HYDROCHLORIC TO SULPHURIC ACID 

(chlorides to sulphates). 

Inland country places — England. 

Proportion of Hydrochloric to 
Sulphuric Acid. 


Streatley, Berks 

1 to -48 

Wilcot, near Baschurch, Salop (January 1870) . 

1 „ -60 

Cirencester, Iloyal Agricultural College 

1 „ •64 

Geldeston, Beccles 

1 „ -76 

Rugby 

1 „ -86 

Wilcot, near Baschurch, Salop (August 1870) 

1 „ 106 

Aldershot 

1 « 1-14 

Tring, Herts 

1 „ 1-68 

Ludlow, Salop 

1 „ 1-85 

Bracondale, near Norwich 

1 „ 2 99 

Banbury, Oxfordshire ...... 

1 „ 3-08 

Mattishall, Norfolk 

1 „ 7-30 

Batio of Average Acids .... 

1 „ 1-38 
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BAIN, 


EAIN. TABLE XXXIX. 

TOTAL ACID AND ACIDITY (ACID COMBINED AND PBBE). 
Inland country places— England. 



Total Acid. 


llain obtained from 

Grains 

per 

Gallon. 

Parts 

per 

Million. 

Acidity. 

• 

Tring, Herts 

•2399 

3‘43 

None 

Wilcot, Bascburch, Salop (August 1870) . 

•2502 

3-58 

)) 

Aldershot 

•3830 

6-47 

* 

Ludlow, Salop 

•4537 

6-48 

}> 

Streatley, Berks 

•5414 

7-73 


Cirencester, lioyal Agricultural College . 

•C002 

8-57 

f) 

Rugby 

•6347 

907 


Banbury, Oxfordshire .... 

•6953 

9-93 

Alkaline 

Geldeston, Beccles 

•7492 

10-70 

None 

Mattishall, Norfolk .... 

•8660 

12-20 

f) 

Wilcot, Bascburch, Salop (January 1870) 

1-0209 

14-68 

f) 

Bracondale, near Norwich 

1-6691 

22-41 


Average 

1 . . 

•6661 

9-61 

None 
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RAIN. TABLE XL. 


AMMONIA. 

Inland country places — England. 


Bain obtained from 

Bate. 

Ammonia. 
Parts per 
Million. 

Wilcot, near Bascburcb . 

August 1870 

•032 

• 

Mattishall, Norfolk .... 

November „ 

•10 

Streatley^ Berks .... 

Jan 1 to Feb. 7,1870 

•36 

Tring, Herts 

January „ 

•48 

Ludlow (Stoke House), Salop 

August „ 

•52 

Aldershot 

ff 

•76 

Geldeston, Beccles .... 

V 

•96 

Bugby 

January „ 

1*60 

Cirencester, Ryl Agricultural College 

Dec. 18, 19, 1869 

1*80 

Bracondale, near Norwich 

— 1870 

1-96 

Wilcot, Baschurch .... 

January „ 

208 

Banbury, Oxfordshire 


2-28 

Averagd 


1-07 
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RAIN 


RAIN. TABRE XLI. 
ALBUMINOID AMMONIA. 
Inland country {(laces-^England. 


Rain obtained from 

Date. 

Albuminoid 
Ammonia. 
Parts per 
Million. 

Ludlow, Salop 

_ 

1870 

•04 

Streatley, Berks . . . . 1 

Jan 1 to Feb. 7 „ 

•06 

Tring, Herts ..... 

January 


•06 

Mattishall, Norfolk .... 

November 

ff 

'07 

AV ilcot, Baschurch .... 

August 

v 

-• 

O 

Banbury, Oxfordshire 

— 

)) 

•08 

Cirencester, Royal Agricultural College 

Dec. 18, 19, 

1869 

•10 

Aldershot . . , . . . j 

— 

1870 

*12 1 

Geldeston, Beccles .... 


)) 

•16 

Bracondale, Norwich 

— 

ff 

•16 

Wilcot, Baschurch .... 

January 


•28 

liugby 

. 

» 

3-30' 

Average 

L 


•375 


without Rugby -109 



' Found to be caused by using a wooden vessel instead of the glass. 
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RAIN. TABLE XLIL ■ 

NITRIC ACID. 

Inland country places— England, 





Nitric Acid. 

Bain obtained from 

Date. 


Parts per 
Million. 

liudlow, Salop .... 

August 1870 


•048 

• 

Cirencester, Royal Agricult ural College 

Dec. 18, 19, 1869 

•111 

Streatley, Berks 

Jan. 1 to Feb. 7, 1870 

•185 

Wilcot, Baschurch . 

August 


•453 

Tring, Herts .... 

Januaiy 

1) 

•656 

Wilcot, Baschurch 

January 

V 

•666 

Geldeston, Beccles 


11 

•715 

Aldershot 

— 

It 

•887 

Bracondale, Norwich 

— 

If 

1-087 

Banbury, Oxfordshire 

— 

If 

1-087 

Rugby 

January ‘ 

ft 

1-482 

Mattishall, Norfolk ... 

S^ovember 

tt 

1-826 

Average 

. 

] 

•749 
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BAIN. 


BAIN. TABLE XLIII. 

PERMANGANATE TEST. 


Inland country places — England, 


Eain obtained from 

Date. 

Parts by Weight. 
Oxygen required per 
Million Pts of Rain. 

Instantly. 

Total in 
a few 
Minutes 
with Acid. 

Mattishallj Norfolk 

November 1870 

None 

None 

Wilcot, Baschurch . 

August „ 

)f 

33 

Aldershot .... 


yf 

33 

Streatley, Berks 

Jan. 1 to Feb. 7 „ 

}y 

•171 

Ludlow, Salop 

August „ 

ff 

•325 

Tring, Herts .... 

1 January „ 

3) 

•414 

Cirencester, Royal Agricultural 
College • 

Dec. 18, 19, 1869 


•449 

Wilcot, Baschurch 

January 1870 

33 

•487 

Rugby 


33 

•600 

Geldeston, Beccles . 


33 

.867 

Banbury, Oxfordshire 


33 

1-127 

Bracondale, Norwich 


33 

1-192 

Average 

. 


•466 
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RAIN. TABLE XLIV. 

HTDBOCHLOBIC ACID (CHLOBIDBS). 


From towns— Scotland. 


Bain obtained from 

Date. 

Hydrochloric Acid. 

Grains 

per 

Gallon. 

Parts 

per 

Million. 

Greenock; Old Prison Yard . 

April & May 1870 

•1703 

•243 

Aberdeen .... 

1870 

•1926 

2-74 

Galashiels .... 

May 11 to 20,1870 

•2000 

2-86 

Greenock, Bank Street . 

November „ 

•2129 

304 

Galashiels .... 

September „ 

•2450 

3-50 

Edinburgh, in a garden, Mom- 

Nov. 1860 to 

■2666 

3*65 

ingside 

Feb. 1870 



Perth, on a church tower 

January and 

•3407 

4-87 

„ in a confined place. 

February 

•4268 

008 

near lowest level 

1870 



Edinburgh, Koyal Observatory, 

Nov, 18G9 to 

•6110 

7-30 

Calton Hill 

Feb. 1870 



Glasgow average . 

1870 

•0282 

8-97 

Dundee 

— 

1-6486 

22-12 

Average (without Glasgow) . 

•4102 

6-86 

„ (with Glasgow) 

. 

•4300 

0-14 

„ (without Dundee) . . . j 

•3182 

4-64 
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BAIN. 


RAIN. TABLE XLV. 

SULPHURIC ACID (SULPHATES). 


From towns — Scotland. 




Sulphuric Acid. 

Bain obtained from 

Date. 

Grains 

Parts 



per 

Gallon. 

por 

Million. 

Aberdeen .... 

1870 

•1176 

1 

1-C8 

Qalashiels .... 

May 11 to 20, 1870 

•1470 

2*10 

V .... 

September „ 

•5495 

7-85 

Edinburgh, in a garden, Mom- 

Nov. 1869 to 

•5880 

8-40 

ingside 

Feb. 1870 



Greenock, Bank Street . 

November 1870 

1*4280 

20-10 

Edinburgh, Royal Observatory, 

Nov. 1869 to 

1-4700 

21 

Calton Hill 

Feb. 1870 



Greenock, Old Prison Yard 

April and May 

1-4700 

21 


1870 



Dundee ..... 

— 

1-6333 

23-33 

Perth, in a confined place, 

January and 

2-0496 

29-28 

near lowest level 

- February 



Perth, on a church tower 

1870 

2-1000 

30 

Glasgow, average . 

1870 

4-9130 

70-19 

Average (without Glasgow) . 

1-1663 

16-60 

„ (with Glasgow) . 

1-4970 

21-38 
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RAIN. TABLE XLVI. 

PROPORTION OP HYDROCHLORIC TO SULPHURIC ACID 

(chlorides to sulphates). 


From towns — Scotland. 



Proportion of 


Hydrochloric 


to Sulphuric 

Acid. 

Aberdeen ...... 

, 1 to -61 

• 

Dundee ....... 

. 1 „ 106 


Galashiels, May 1870 .... 

• -73^ 

■ 1-48 

„ Sept. „ .... 

. 1 „ 2-24, 


Edinburgh, Morningside 

. 1 „ 2-30' 

|- 2-58 

„ Calton Hill 

• l„2-87. 

Perth, confined place, near lowest level . 

. 1 „ 4-81 

• 6-48 

„ on church tower .... 

. 1 „ 6-16 1 

Greenock, Bank Street .... 

. 1 „ 6-71 j 

■ 7'67 

„ Old Prison Yard 

. 1 „ 8-64 J 


Glasgow, average 

. 1 „ 7-82 



Ratioof Average Acids (without Glasgow) 1„ 2-82 
„ „ (with Glasgow) . 1 „ 8*48 
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RAIN, 


RAIN. TABLE XLVIT. 

TOTAL ACID. (TOTAL ACID OP CHLORIDES AND SULPHATES). 


Ffom towns — Scotland. 


Itain obtained from 

Date. 

Total Acid (Acids 
of Salts and free). 

Grains pci 
Gallon. 

Parts per 
Million. 

Aberdeen .... 

1870 

•3102 

4-42 

Galashiels «... 

May 11 to 20, 1870 

•3470 

4-96 

i> .... 

September „ 

•7046 

11*36 

Average 

. 

•6707 

8-16 

Edinburgh, Momingside . 

1 Nov. 1869 to 

•8436 

12*06 

„ Calton Hill 

J Feb. 1870 

1-9810 

28-.30 

Average 

. 

1-4122 

20-17 

Greenock, Old Prison 

April and May 1870 

1-6403 

23-43 

„ Bank Street . 

November „ 

1-0409 

23-44 

Average * . 

. 

1-640C 

23-43 

Perth, church tower 

1 January and 

2.4407 

.34-87 

„ confined place, near lowest 

r February 1870 

2-4764 

.36-36 

level 




Average 

. 

2-4680 

36-11 

Dundee 

— 

3-1818 

46-46 

Glasgow, average . 

1870 

6-6421 

79-17 

Mean Average (without Glasgow) 

1-6966 

22-79 

„ (with Glasgow) .... 

• 

2-1696 

30-86 
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EAIN. TABLE XLVIII. 


ACIDITY (free acids). 
From towns—Scotland. 


Eain obtained from Date. 


Galashiels . . . , May] 1-201870 

Greenock, Bank Street . . — 

Edinburgh, Momingside . . — 

Perth, N. Inch and church tower — 

Aberdeen .... — 

Dundee — 

Edinburgh, Calton Hill . . — 

Galashiels .... September 1870 
Glasgow, average ... — 

Average (without Glasgow) . • . . 

„ (with Glasgow) . ... 


Acidity calculated as 
Sulphuric Anhydride. 

Grains per 
Gallon. 

Parts per 
Million. 

None 

None 

ff 

ff 


ff 


ff 


ff 

•3768 

6-37 

•478a 

G-83 

•9194 

1313 

1-0589 

15*13 

•2217 

316 

•3147 

4-40 
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RAIN. 


RAIN. TABLE XLIX. 

AMMONIA. 

From towns — Scotland. 


Eain obtained from 

Date. 

1 Ammonia. Parts 
per Million. 

Aberdeen 

1870 

•18 

Edinburgh, Moriiingside 

1 Nov. 1869 to 

•14 

„ Calton Hill 

J Peb. 1870 

2-48 

Average . 


1'31 

Dundee 

— 

330 

Galashiels 

May 1870 

3‘2 

if 

September 1870 

.5-2 

Average 


4-20 

Perth, confined pldco, lowest level . 

Jan. & Feb. 1870 

3-7 

„ on n church tower 

ff a 

7-8 

Average . 


6-76 

Greenock, Old Prison Yard . 

April & May „ 

3-30 

„ Bank Street . 

November „ 

13-10 

Average . 


8-20 

Glasgow, average .... 

1870 

0-10 

Mean Average (without Glaagow) . 

3-82 

„ „ (with Glasgow) 


4-58 
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RAIIf. TABLE L. 
ALBUMINOID AMMONIA. 
From towns — Scotland. 


Eain obtained from 

Date. 

Albuminoid 
Ammonia. Par 
per Million. 

Edinburgh, Momiiigsidc . 

Nov. 18G0 to 

•04 


„ Calton Hill . 

1 Fob. 1870 

•08 


Average . 

! 

j 


^ •OG 

Aberdeen 

1 1870 


•10 

Perth, confined place 

Jan. & Feb. 1870 

•10 


„ a church tower 


'10 


Average* . 



•10 

Dundee 

1870 


•12 

Galashiels .... 

May 1870 

• 2:1 


„ ..... 

September 1870 

•45 


Average . 


9 

•G4 

Glasgow, average 

1870 


•SO 

Greenock, Bank Street 

November 1870 

•40 


„ Old Prison Yard 

Average . 

April & May „ 

•70 

•56 

Mean Average (without Glasgow) . . . 


•212 

„ „ (with Glasgow) 

. 


•224 



RAIN. TABLE LL 

NITRIC ACID. 
From towns — Scotland. 


Rain obtained from 

Date. 

Nitric Acid. 
Parts per Million 

Aberdeen ..... 

1870 

•233 

Greenock, Old Prison Yard . 

April & M ay 1 870 

*346 

„ Bank Street . . . 

Novenibor „ 

•713 

• 

Average 


•629 

Dundee 

1870 

1*086 

Galasbiels 

May 1870 

•627 

V ..... 

September 1870 

1-642 • 

Average 


1-084 

Edinburgh, Calton Hill . 

1 Nov. 1809 to 

•630 

„ Morningaido 

1 Feb. 1870 

3-496 

Average 


2-012 

Perth, on church tower . 

Jan. & Feb. 1870 

•926 

„ from confined place, lowestlevel 

}} }) 

3-160 

Average 


2-038 

Glasgow, average .... 

1870 

2-436 

Mean Average (Glasgow not included) 

1104 

„ „ (Glasgow included) . 

1'846 
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RAIN. TABLE Lll. 
PERMANGANATE TEST. 
From towns — Scotland. 


Rain obtained from 

Date. 

! Parts by Wc 
required pej 
of 

Instantly. 

sight. Oxygen 
i* Million Parts 
‘Rain. 

Total in a 
fow Minutes 
\vith Acid. 

Aberdeen .... 

1870 

None 

•390 

j Galashiols .... 

May 1870 

None 

•408 

i „ .... 

.Sopt. „ 

1 

•108 

1 ]-C2.3 

Average 

i 

•054 

1-0(50 

Edinburgh, Morningsido . 

] Nov.] SCO to 

None 

•487 

; „ Caltonllill . 

J Feb. 1870 

•122 

2-364 

Average 


•001 

h42Jj 

j Dundee 

1870 

•005 

1-885 

i Greenock, Bank Street . 

Nov. 1870 1 

•210 

2*508 

„ Old Prison Yard 

Ap.&My „ 

•43, ‘1 

• 

3 040 

Average 


•324 

3-119 

Perth, confined space, within 
one foot of lowest level 

Jan. and 

•058 

2047 

j „ on a church tower 

Feb. 1870 

•487 

4-752 

j Average 


•572 

3*309 

1 Glasgow, average . 

00 

o 

•G71 

10 040 

1 

1 Mean Average (Glasgow not included) 

•179 

1-879 

1 „ ,, „ included 

*249 

3-045 
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RAIN. 


RAIN. TABLE LIII. 


Glasgow, 1870. 


1 

Hydrochloric Acid. 

Sulphuric Acid. 

Proportion 
of Hydro- 

Rain obtained from 

Grains per 
Gallon. 

parts pt'T 
Million. 

Grains per 
Gallon. 

Parts per 
Million. 

chloric to 
Sulphuric 
Acid. 

St. Rollox . 

•G387 


2*9400 

42*00 

1 to 4*61 

New City Tload, Old 

•5110 

7-30 

3*4588 

49^41 

1 „ (V77 

Normal School. 




< 


W'estern Police Station , 

•8ol7 

12*17 

4*5231 

04*62 

1„ 5*31 

Main Street, Gorbala, Old 

•1807 

(5*95 

4*0000 

70*00 

1 „ 10*07 

Police Ollice 






Calton Police Station . 

-3931 

5*Cl 

5*3453 

70*36 

1 „ 13 01 

Bridge Gate Steeple, 82 

•78G2 

11-23 

5*8800 

84*00 

1„ 7-48 

ft. high 






Boar’s Head Close 

•7301 

i 

10*43 

7-3500 

105*00 

1 „ 10*10 

Average 

i 

1 *0282 

i 

i 

8*97 

4-91.39 

i 

70*19 

1 to 7*82 ^ 


' Ratio of Average Acids. 
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liAlN. TABLE LIV. 
ACIDITY (free acids). 
Glasgow, 1870. 


1 

i 

Jtuiii olitiiiiii'd iioin 

Acidity calc, as Sulphuric 
Anhydride. 



1 

I 

1 

8t. Kollox ....... 

Grains per 
Gallon. 

None 

Parts per 
Million. 

None 

New City Road, Old Normal School . 

•8540 

12*20 j 

Western Police Station .... 

•8540 

12*20 

Cal toil Police Station 

•922:1 

13*18 

Boar’s Head Close 

1-0248 

1404 

Main Street, Gorbals, Old Police Oflico 

1*7080 

24*40 

Bridge Gate Steeple ..... 

2*0490 

20-28 

Average 

l-068it 

15*13 

TOTAL ACIDS ( ACIDS OF CHLORIDES, SULPHATES 

AND PREl!:). 

St. Uollox' 

.1-6787 • 

51*12 

New City Road 

3-9(>98 

50-71 

Western Police Station ... 

5-3748 

70-79 

Main Street, Gorbals, Old Police Office . ; 

5-:i8C)7 

70-95 

Calton Police Station . . . . | 

5*7384 

81-97 

Bridge Gate Steeple, 82 ft. high . . . ; 

060C2 

95-23 

Boar’s Head Close ; 

8 0801 

115-43 

Average j 

5-5421 

79-17 


* This does not appear to be probable, but, like the other specimens here, it was 
sent to me as collected by the instructions of John Garrick, Esq., Town liall^ 
Glasgow, and only many trials can prove it wrong. 
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RAIN. 


RAIN. TABLE LV. 

AMMONIA. 

Glasgow, 1870. 

Ammonia. Parts 
per Million. 

Si. Rollox 1-80 

New City Road, Old Normal School .... 7*88 

Calton Police Station 7*40 

Western 0*20 

Boar’s Head Close 10*80 

Bridge Gate Steeple, 82 ft. high .... 12*60 
Main Street, Gorbals, Old Police Office . . . 14*70 

Average 0*10 

ALBUMINOID AMMONIA. 

St. Rollox *07 

New City Road, Old Normal School .... *80 

Western Police Station *80 

Boar's Head Close *,80 

Calton I’olico Station -36 

Bridge Gate Steeple, 82 ft. high .... *85 

Main Street, Gorhuls, Old Police Office . . . *40 

Average *80 

NITRIC ACID. 

St. Rollox •.846 

Main Street, Gorbals, Old Police Office . . . 1*271 

Calton Police Station 1*466 

Western „ 1*466 

New City Road, Old Normal School .... 1*827 

Bridge Gate Steeple, 82 ft. high .... 6*162 

Boar’s Head Close 6*633 

Average 2*430 
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RAIN, TABLE LVI. 
PERMANGANATE TEST. 
Glasgow, 1870. 


Rain obtained from 

Parts by Weight. Oxygen 
per Million Parts of Water. 

Instantly 
without Acic 

Total in a few 
Minutes with 
Acid. 

Western Police Station .... 

None 

6-633 

Cal ton „ 

1-040 

6-933 

New City Road, Old Normal School . 

•217 

8-449 

Bridge Gate Steeple, 82 ft. high 

^2G0 

8000 

Main Street, Gorbals, Old Police Ollice 

1-517 

13-049 

Boar’s Head Close 

•907 

10-900 

' Average 

•071 

10-040 


RAIN. TABLE LVII. 

PROPORTION OF HYDROCHLORIC TO SULPHURIC ACID 

(chlorides to sulphates).* 

Towns — England. 

Proportion of Hydrochloric 
to Sulphuric Acid 
(Chlorides to Sulphates). 


Runcorn, 1800 .... 

. 1 

to 

-92 

St, Helen’s „ .... 

. 1 

jf 

3-48 

Liverpool, 1870 .... 

. 1 


3-90 

Newcastle-on-Tyne, 1808 

. 1 


5-47 

Manchester, 1869 .... 

. 1 

ff 

7-08 

Birkenhead, March 7, 1868 . 

. 1 


7*31 

Manchester, 1870 .... 

. 1 

ff 

8-29 

London, 1869 .... 

. 1 

»» 

10-45 

Ratio of Average Acids 

. 1 

to 

3-94 
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BAIN. 


IIAIN, TABLE LVIIL 
HyDROCHLGRIC ACID. 
Towns — Ragland. 


Kain obtained from 

Hydrochloric Acid 
(Chlorides) 

Grains per 
Gallon. 

Parts per 
Million. 

London, 18G9 

'0872 

1-25 

Birkenhead, March 7, 18G8 

•2217 

317 

Manchester, 1870 

•4056 

5-79 

„ 1800 

•4118 

5-88 

Newcastle-oii-Tyne, 18G8 .... 

•5678 

8.11 

St. Helen’s, 1809 

•0070 

9-53 ; 

Liverpool, 1870 

•7110 

loop 1 

Kuncorn, 1869 

1-8022 

25-74 ; 

Average 

•0003 

8-70 


SUr.,PIIURl(l ACID. 


London, 1809 

1-434.5 

20*49 

Birkenhead, March 7, 1808 

10210 

23-10 

Runcorn, 1869 

1-0537 

23-62 

St. Helen’s, 1809 ■ 

2-3232 

33-19 

Liverpool, 1870 

2-7714 

39-69 

Manchester, 1809 

2-9163 

41-00 

Newcastle-on-Tyne, 1808 .... 

31111 

44-44 

Manchester, 1870 . . . , . 

3-3593 

47-99 

Average 

2-3988 

34-27 

1 
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RAIN. TABLE LIX. 
TOTAL ACTD. 
Towns — England. 



Total Acids. 

Rain obtained from 



— 


Grains per 
Gallon. 

I*arts per 
Million. 

London, 1869 

1*5217 

21-74 

Birkenhead, near Liverpool, March 7, 1808 , 

1*8427 

26*32 

St. Helen’s, I860 

2*9902 

52*72 

Manchester, 1869 

6*3281 

47*54 

Runcorn, 1860 

3*4550 

40*36 

Liverpool; 1870 

3*4824 

40*75 ; 

Newcastle-on-Tyne, 1868 .... 

3*6789 

52*55 

Manchester, 1870 

3*7648 

53*78 

Average 

3*0081 

42*07 


ACIDITY. 


London^ 1869 
St. Helen’s, ]8i;0 
Manchester „ 
Runcorn „ 
Liverpool, 1870 
Manchester „ 


•2713 

3*87 

•2785 

3*98 

*5833 

8*33 

*7993 

11*42 

•8096 

11*56 

•8416 

1202 

•5972 

8*53 


A vi'i’ago . 
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BAIN. 


RAIN. TABLE LX. 
NITRIC ACID, 
Towns — England. 


Rain obtained from 


Nitric Acid. 
Parts per Million. 


Runcorn, 18G9 . 

Liverpool, 1870 . 
London, 1800 
Manchester, 18(39 
St. Helen’s „ 
Manchester, 1870 


*278 

•682 

•840 

•886 

1^413 

1*179 


Average 


*863 


PRRMANGANATE TEST. 


Rain obtained from 

Parts by Weight. Oxygen 
required per Million Parts 
of Rain. 

Instantly. 

Total in a few 
Minutes with 
Acid. 

Runcorn, 1869 



1*090 

Manchester, 1869 

•197 

2 050 

St. Helen’s „ 

— 

2*276 

Liverpool, 1870 

•662 

3-896 

Manchester „ 

•475 

4*401 

Average 

•446 

2-743 
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RAIN. TABLE LXI. 


AMMONIA. 

Towns —England. 

London, 1800 .... 

Ammonia. Parts 
per Million. 

. 3-45 

St. Helen's „ 

. 

. 4*56 

Runcorn „ 

. 

. 4-63 

Livei*pool 1870 

. 

. 6-38 

Manchester, 1809 . 

. 

. 030 

Manchester, 1870 . 

. 

. 6-57 

Average 

. 

. 6-16 

ALBUMINOID AMMONIA. 

Liverpool, 1870 


Albuminoid Ammonia. 
Parts per Million. 

. * . -169 

Runcorn, 1800 . 

, 

. *190 

London „ 


. -205 

Manchester „ 


. -217 

St. Helen's „ 

• « • 

. -230 

Manchester, 1870 . 


. -285 

Average 

« • a 

. -214 
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RAIN. 


KAIN. TABLE LXII. 
HYDROCHLORIC ACID (CllLORIDBS). 


Manchester, 1870. 



Hydrochloric Acid (Chlorides). 

1870. 

Month. 

A. 

B. 

0. 

Grains 

Parts 

Grains 

.Parts 

Grains 

Parts 


• 

per 

Gallon. 

per 

Million. 

per 

Gallon. 

per 

Million. 

per 

Gallon. 

per 

Million. 

January . . 

•6110 

7-30 

•4645 

664 

•4268 

6-08 

February . . 

•6012 

8-59 

•78C2 

11-23 

•4646 

6-64 

March . . . 

•2665 

3*06 

•3194 

4-66 

•4646 

6*64 

April . . . 

•3050 

6-21 

•3650 

6-21 

•2689 

3-84 

May .... 

•3931 

6-62 

•3000 

4-29 

•4258 

6-08 

June . . . 

•7296 

10-42 

•4444 

635 

o 

CO 

10-43 

July . . . 

•3194 

i 4-66 

•2920 

4-17 

•3194 

4-56 

August . . . 

•2044 

2-92 

•2044 

2-02 

•4088 

6-84 

September . . 

•3430 

4-90 

•6110 

7*30 

•6110 

1 7*30 

October . . 

•4645 

6-64 

•6110 

7-30 

•5874 

8-39 

November , . 

•2324 

3^32 

•2842 

4-06 

•2436 

3*48 

December . . 

■2362 

3-36 

•2044 ' 

2-92 

— 

— 

Average . . 

•3879 



6*64 

•3906 

1 

6-68 

•4409 

1 

6-30 


Average of twelve months, A, B, and C . . *4056 6*79 

A. All Saints . . 12 ft. above the ground. 

B. „ . . 30 ft. ,, 

C. Lit. and Phil. Society, George Street, 2 ft. above the ground. 




MANCHESTER, 1870. 
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KAIN. TABLE LXIIL 
SULPHURIC ACID (SULPIIATES). 


Manchester, 1870. 



Sulphuric Acid (Sulphates). 

1870. 

Month. 

A. 

B. 

c. 

Grains 

Parts 

Grains 

Parts 

Gjains 

Parts 



per 

Gallon. 

per 

Million. 

per 

Gallon. 

per 

Million. 

per 

Gallon. 

per 

Million. 

January , . 

3*2GC0 

40*67 

6*8800 

84 

1-2783 

18*26 

February . . 

7*3500 

105 

7*3500 

106 

3*2667 

46*67 

March . . . 

2*9400 

42 , 

3*6760 

62*60 

1*4700 

21 

April . . . 

4*7419 

' 67*74 

4*2000 

60 

2*0400 

42 

May . . . 

7*3600 

105 

7-3500 

106 

2*9400 

42 

June . . . 

2-2616 

32*31 

2*8660 

40*80 

1*6032 

21*47 

July . . 

2*9443 

42*06 

4*0803 

58*29 

1*7850 

26*60 

August . . 

3*6700 

61 

3*1733 

45*33 

L9040 

27*20 

September 

2*8560 

40*80 

2*6970 

37*10 

3*6700 

61 

October . . 

2*3800 

34 

2*3800 

' 34 

. 1*2985 

18*56 

November . . 

300G6 

42*95 

[ 3*0066 

42*95 

1*6800 

24 

December . . 

1*6522 

22*17 

3*1733 

46*33 

— 

— 

Average . 

3*6849 

6264 

4*1434 

69*19 

2*1487 

30*70 


Average of A, B, and C for 12 months . 3*3693 47*99 

A. All Saints . , 12 ft. above the ground, 

B. „ . . 30 ft. 

C. Lit. and Phil. Society, George Street, 2 ft. above the ground. 
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RAIN, 


RAIN. TABLE LXIV. 

ACIDITY. 


Manchester, 1870. 




Acidity calc, as Sulphuric Anhydride. 


1870. 

Month. 

A. 

] 

1. 

0. 

• 

Grains 

per 

Gallon. 

Parts 

per 

Million. 

Grains 

per 

Gallon. 

Parts 

per 

Million. 

Grains 

per 

Gallon. 

Parts 

per 

Million. 

January . . 

1*9129 

27*33 

1*1614 

16*69 

*3767 

6*37 

February . . 

4*0992 

68*60 

2*2773 

32*63 

•0832 

9*70 

March . . . 

1*4001 

20*01 

•0832 

9*70 

•0683 

00 

April . . . 

•8882 

12-69 

•4099 

6-80 

•3416 

4*88 

May .... 

None 

None 

None 

None 

•2391 

3*42 

June . . . 

1*0248 

14*62 

1*3004 

1962 

*6832 

9*76 

July. . . , 

1*6001 

22*29 

None 

1 None 

•2780 

3*98 

August . . . 

*6672 

7*96 

*9472 

13*63 

•8368 

11*94 

September 

.6861 

8*30 

•7244 

10*36 

' *2607 

3*68 

October . . 

-4468 

0*37 

*2780 

3*98 

•3900 

6*67 

November . . 

1*2810 

18*31 

1-4487 

20*70 

*8637 

12*34 

December . . 

•4179 

6*97 

•9761 

13*93 

— 

— 

Average . 

1-1811 

10*87 

•8600 

i 

12*23 

*4654 

6*61 


Average of A, B, and C for 12 months . . *8416 12*02 

A. All Saints . . 12 ft. above the ground. 

B. ,, . . 30 ft. „ ,, 

C. Lit. and Pliil. Society, George Street, 2 ft. above the ground. 



MANCHESTEB, 1870. 
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RAIN. TABLE LXV. 

PROPORTION OP HYDROCHLORIC TO SULPHURIC ACID 

(chlorides to sulphates). 


Manuliestrr, 1870 . 


1870. 

- Month. 

Proportion of Hydrochloric to Sulphuric 
Acid (Chlorides to Sulphates). 

A. 

B. 

c. 

All Saints, 
12ft. above 
ground. 

All Saints, 
30 ft. above 
ground. 

George Street, 

2 ft. above 
ground. 

January . . , , 

1 to « 

1 to 12-06 

1 to 8 

February .... 


1 „ 9v35 

1 „ 7-03 

March .... 

1 „ 11-61 

1 „ 11-61 

1 „ 3-16 

April .... 

1 „ 1299 

1 „ 11-51 

1 „ 10-93 

May .... 

1 „ 18G9 

1 „ 24-48 

1 „ 6-91 

June .... 

1 „ 3-10 

1 „ 6-43 

1 „ 2-CO 1 

July .... 

1 „ 9-22 

1 „ 13-98^ 

1 „ 6-69 ' 

August .... 

1 „ 17-46 

1 „ 16-63’ 

1 „ 400 

September 

1 „ 8-33 

1 „ 6-09 

1 ., 7 

October .... 

1„ 6-12 

1 „ 4-66 

1 „ 2-21 

November 

1 „ 12-94 

1 „ 10-68 

1 „ 0-90 

December 

1 „ 0-60 

1 „ 15-63 

— 

Eatio of Average Acids 

1 to 9-50 

1 1 to 10-61 

, 1 to 4 09 


Eatio of Averaeree of A. B. and C for 12 months 1 to 8*29 
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RAIN, 


RAIN. TABLE LXVI. 
TOTAL ACIDS. 
Manchester, 1870. 


Total Acids (Acids of Chlorides, Sulphates and free). 


1870, 

Month. 

A 

L. 

B. 

C. 

Grains 

per 

Gallon. 

Parts 

per 

Million. 

Grains 

per 

Gallon. 

Parts 

per 

Million. 

Grains 

per 

Gallon. 

I’arts 

per 

Million. 

January . . 

3*7776 

5;l 97 

0*3445 

90*04 

1*7041 

24*34 

February . . 

7*9512 

113*59 

8*1302 

110*23 

3*7312 

53*31 

March . . , 

3*1965 

■45-(i5 

3*9944 

50*70 

1*9345 

27*64 • 

April . . . 

5-1069 

72*95 

4*5650 

05*21 

3*2089 

45*84 

May .... 

7*7431 

110*(J2 

7*(5606 

109*29 

3*3658 

48*08 

.Tune . . . 

2*9911 

42*73 

3*3004 

47*15 

2*2333 

31*90 

July . . . 

3*2037 

4602 

4 3723 

02*10 

2*1044 

• 30*06 

Augu.st . . . 

3*7744 

53*92 

3*3777 

48*25 

2*3128 

33*04 

September . . 

3*1990 

45*70 

3*1080 

44*40 

4*0810 ’ 

58*30 

October . . 

2*8445 

40*04 

2*8910 

41*30 

1*8859 1 

I 26*94 

November . . 

32389 

4027 

3*2907 

47*01 

1*9236 

27*48 

December . . 

1*7874 

26*53 

3*3777 

48*25 

— 

— 

Average . . 

4*0728 

58*18 

4*5340 

64*77 

2-5806 

37 


Average of A, B, and C for 1:2 months . . 3*7648 53*78 

A. All Saints . . . 12 ft. above the ground. 

B. ,, ... 30 ft. j, 

C. Lit. and Phil. Society, George Street, 2 ft. above the gKmnd. 
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MANCHESTER, 1870. 


RAIN. TABLE LXVII. 
AMMONIA. 
Manchester, 1870. 


1870. 

Month. 

Ammonia. Parts por Million. | 

1 

A. 

B. 

! i 

! c. 1 

January 

12 

1008 

31 

February 

22-9 

-- 

6 

March 

7*1 

0-3 

‘ 3-9 

April .... 

12-3 

6*8 

4*6 

May .... 

20*1 

5 

7-3 

Juno .... 

0-3 

1-6 

5'27 

July .... 

1-G8 

M 

5-6 

August 

8*5 

'64 

31 

September . 

6-8 

'98 

3*1 

October 

4-2 

4*8 . 

1*8 

November . 

19-4 

8'7 

4 

December . 

3*8 

6'8 

•— 

Average 

10-34 

4'71 

4*34 


Average of the 34 specimens .... C*578 

A. All Saints . . . 12 ft, above the ground. 


C. Lit. and Phil. Society, Georgo Street, 2 ft. above the ground* 

Z 
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BAIN. 


RAIN. TABLTi} LXVIII. 
ALBUMINOID AMMONIA. 
Manchester, 1870. 


1870. 

Albuminoid Ammonia. Farts per Million. 

Month. 

1 

A. 

B. 

C. 

January 

•17 

•16 

•10 

Febi;iiary 

•40 

— 

•13 

March 

•10 

•15 

•16 

April . 

•30 

•80 

•10 

May . 

•56 

•66 

o * 

J une . 

•26 

•66 

•20 

J uly . 

•36 

•26 

•19 

August 

•63 

•60 

•30 

September . 

•28 

•26 

•16 

October .' 

•16 

•26 

•10 

November . 

•60 

•16 

•26 

December . 

•30 

•16 

— 

Average 

•33 

•36 

•17 


Average of the 34 specimens .... *285 
A. All Saints . . 12 ft. above the ground. 


0. Lit. and Phil. Society, George Street, 2 ft. above the ground. 



MAWHESTER^ 1870, 
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RAIN. TABLE LXIX. 
NITRIC ACID. 
Manchester, 1870. 


1870. 

Month. 

1 

Nitric Acid. Pai ts per Million. 

A. 

B. 

0. 

January .... 

M97 

1-456 

•866 

February .... 

2-5(58 

— 

r-46(j 

March .... 

1-642 

•604 

-901 

April 

1466 


•716 

May 

2-938 

— 

1-466 

June 

1-642 

•630 

1-271 

July 

•463 

•713 


August .... 

•342 

•342 

2-761 

September .... 

•936 

•926 

— 

October .... 

•898 

1-083 

•627 

November .... 

1-464 

1-297 

•898 

December .... 

•898 

•898 

— 

Average . 

1-369 

•931 

1-203 


Average of the 31 specimens .... 1T79 

A. All Saints ... 12 ft. above the ground. 

B. „ ... 30 „ „ 

C. Lit. and Phil, Society .2 „ „ 

2 2 



340 


KAi; 


KA.IN. TABLE LXX. 
PERMAiVGANATE TEST. 
Manchester, 1870. 



Parts by Weight. 

Oxygon required per Million Parts of Rain. 

1870. 

A. 

B. 

C. 

Month. 

1 

I 








Total 


Total 


Total 

• 

Instantly. 

in a few 
Minutes 
with Acid. 

Instantly. 

in a f(‘W 
Minutes 
with Acid. 

Instantly 

in a few 
Minutes 
with Acid. 

Januar}^ . . . 

1'007 

0-82.'3 

•731 

5-606 

. *600 

3-650 

February . . . 

— 

— 

— 

— 

1-007 

5'3G1 

March .... 

1-218 

7-311 

•731 

6-301 

•975 • 

5-118 

April .... 

-758 

5-033 

1-213 

0000 

•498 

3*680 

May .... 

— 


— 

— 

None 

3-083 

Juno .... 

•512 

(J(5()7 

•488 

(*.•283 

•005 

2-795 

July .... 

None 


None 

2-810 

•108 

2-100 

August . . . 

*340 

: 5412 

•151 

2*598 

•183 

1*948 

September . .' 

•108 

2-474 

•108 

4-113 

•210 

2-923 

October . . . 

None 

2105 

•433 

3-464 

None 

1-407 

November . . 

•433 

7144 

•80G, 

G-278 

•005 

2-598 

Peceriibor . . . 

•010 

4113 

•909 

6002 

— 

— 

Average . . 

•516 

5-137 

•503 

4-805 

•347 

i 

3*203 


Average of the 31 specimens . 

A. All Saints 

B. „ 

C. Lit. and Phil. Society, George Street . 


. *470 4'305 

12 ft. Above the ground. 

0 )y 

o 



LIVERPOOL, 1870. 
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RAIN. TABLE LXXI. 
Liverpool — Spri ng, 1 S 7 0. 


i 

1 

Hydrochloric Acid 

Sulphuric Acid. 

j 

Proportion 
of Hydro- 
chloric to 
Sulphuric 
Acid. 

1 

Rain obtained from 

Grains 

per 

Gallon. 

1 

Pa; is 
per 

Million. 

Grains 

! 

j Gallon. 

Parts 

per 

Million. 

jPrescot St., Bridcwoll . 

1 

lL>77r, 

18*25 

•0800 

14 

1 to -77 

Coburg Dock, Polioo 

•28;10 

J0(! 

1-4700 

21 

.1 „ 5-17 

j Station 



i 



Bedford St., Bridewell . 

•tmi 

r>oi 

1*8375 

26*25 

1 „ 4-67 

Colliijgwood Dock, Police 

1*2775 

18 2.5 

2*9400 

42 

1 „ 2*30 

Station 




' 


Argyle St., Bridewell . . 

•5000 

4-29 

2*9400 

42 

1 „ 9*78 

Ford St. (Disinfecting 

*5110 


2-9F)0 

42 

1 „ 5*75 

j Establishment) 

1 





Cheapsido, Bridewell . . 

1*0220 

1400 

2*9400 

42 

1 „ 2*88 

Fontenoy St. (Glover’s 

•5678 

8*1 1 : 

3*2067 

46*67 1 

1 „ 5*75 

Brewery) 


! 




^Rose Hill, Police Station. 

• 

•3407 

4-87 

4*2000 

GO 

1 ,,12*32 

Chisenhale St., Bridewell 

1*1350 

10*22 

4*2000 

GO 

1 

1 „ 3*70 

Average .... 

•7110 

1016 

2*7714 

39*59 

n to 3*90 


* This figure is got by dividing the average in the third column by that 
in the firnt. 
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BAIX. 


RAIN. TABLE LXXII. 
ACIDITY (free acids). 


Liverpool — Spring, 1870. 


Rain obtained from 

Acidity calculated as 
Sulphuric Anhydride. 

Grains per 
Gallon. 

Parts per 
Million. 

Coburg Dock, Police Station . 

•341G 

4*88 

Collingwood Dock „ ... 

*341G 

4*88 

Bedford Street, Bridewell 

•6405 

7*81 

Prescot* Street „ ... 

•54G5 

7*81 

Argyle Street „ ... 

•G149 

8*78 

Ford Street (Disinfecting Establishment). 

•G490 

9-27 

Cheapside, Bridewell .... 

•G832 

9-7G 

Bose Hill, Police Station 

M014 

1G59 

Fontenoy Street (Glover’s Brewery) 

1*5714 

22*46 

Chisenhale Street, Bridewell . 

1-G397 

2342 

Average . 

1 

•809G 

11*6G 1 


EAIN, TABLE LXXIIL 

AMMONIA. 

Liverpool —Spring, 1870, 

Ammonia. 


Prescot Street, Bridewell 

Parts per Million. 
. 1*80 

Coburg Dock, Police Office . 

. 2-10 

Bedford Street, Bridewell 

. 3G0 

Collingwood Dock, Police Office . 

. 3 60 

Cheapside, Bridewell .... 

. SGO 

Argyle Street, Bridewell 

. 4*06 

Ford Street (Disinfecting Establishment) 

. 6*58 



LIVERPOOL, 1870. 343 

Ammonia. 

Parts per Million. 

Fontenoy Street (Glover’s Brewery) . . . 7*90 • 

Rose Hill, Police Station 9*20 

Chisenhale Street, Bridewell .... 12*40 

Avernpfe ....... 6*88 


ALBUMINOID AMMONIA. 


Col)urg Dock, l\)lice Station .... *07 

Prescot Street, Bridewell ..... *10 

Bedford Street „ ..... *10 

Collingwood Dock, Police Station . . . *10 

Argyle Street, Bridewell . . . . . *10 

Cheapside „ *16 

Ford Street (Disinfecting Establishment) . . *15 

Chisenhale Street, Bridewell .... *17 

Rose Hill, I’olico Station *25 

Fontenoy Street (Glover’s Brewery) . . . *40 

Average *159 


RAIN. TABLE LXXIV. 

NITRIC ACID. 

Liverpool — Spring, 1870 . 

• Nitric Acid. 
Parts per Million, 


Ford Street (Disinfecting Establishment) . . *271 

Prescot Street, Bridewell *345 

Collingwood Dock, Police Office .... *345 

Argyle Street, Bridewell ...... *456 

Bedford Street „ *530 

Coburg Dock, Police Office *640 

Cheapside, Bridewell ...... *715 

Rose Hill, Police Office *715 

Fontenoy Street (Glover’s Brewery) . . . *901 

Chisenhale Street, Bridewell .... *901 

Average *582 
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RAIN. 


BAIN. TABLE LXXV. 
PERMANGANATE TEST. 
Liverpool — Spring, 1870. 



Oxygen per Million Parts 
of Water by Weight. 

Rain obtained from 



Instantly 

without 

Acid. 

Total in a 
few Minutes 
with Acid. 

Oollingwood Dock, Police Station . 

None 

•731 

Prescot Street, Bridewell 


1*145 

Coburg Dock, Police Station . 


1-462 

Cheapside, Bridewell .... 

V 

2-316 

Argyle Street „ .... 

•044 

2 726 

Bedford Street „ . . . . | 

•244 

3-040 

Ford Street (Disinfecting Establishment). 

•976 

4-387 

Rose Hill, Police Station 

1*402 

6-580 

Fontenoy Street (Glover’s Brewery) 

1-706 

7-067 

Chisenhale Street, Bridewell . 

2-193 

9-604 

Average 

•662 

3-896 



RAIN. TABLE LXXVI. 

SPECIMENS FROM LOXDON, COLLECTED CAREFULLY AND WITH SLIGHT EXPOSURE ONLY 

ACIDS (free and combined). 


LONDON, 1869. 


845 
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EAm. 


RAIN. TABLE LXXVII. 

r 

AMMONIA AND NITEIC ACID. 
London, 1869. 




Parts per Million. 

Eain obtained from 

Date. 

Ammonia. 

Albumi- 

noid 

Ammonia. 

Nitric 

Acid. 

Guy^s Hospital 

Pebruary 7, 18G9 

6*30 

•6 


Islington, a garden at 
Compton Terrace 

December „ 

4*70 

;13 

1-482 

Poplar 

Nov. and Dec. „ 

1-30 

•09 

*666 

Edward Street, 

Hampstead Road, 
close to Cumberland 
Market, during a 
gale 

• 

November 27 „ 

i 

2*60 

•10 

•482 

Average . 

i 

3'46 

•205 

•840 


LONDON, 1870. 

The following specimens from London were exposed 
longer than the others in most cases, and do not appear 
in the tables of averages already given. The following 
tables form a separate investigation, but in the averages 
at the end the two preceding are included. 
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LONDON, 1870. 

KAIN. TABLE LXXVHI. 


HVDBOCHLOBIC, ACID (CHLOBIDES). 

London, 1870. 

N. AND NW. DISTRICTS. 





Hydrochloric 

Acid. 

Kain obtain nd from 

Date. 

Remarks, Wind, &c. 

Grains 

per 

Gallon 

1 Parts j 
per 

iMillion 

Edward St., Hamp- 
stead Rd., close to 
Cumberland Market, 

Nov. 1869 

WSW.; 6 ft. from 
the ground; 115 ft. 
above sea. 

•0319 

• 

•46 

during a gale 





Cavershaui Rd., near 
Kentish Town Rail- 

Docomber to 
January 1870 

W. and SW. 

•0462 

•66 

way Station 





Islington, Compton 
Terrace 

March to Sep- 
tember 1870 

— 

•1022 

1*46 

Ditto Ditto 

December 1869 

— 

•1310 

1-87 

Stoke Newington 

Fire Station, 29 

January to 

May 1870 

Chiefly W.; 20 ft. 
from dwellings and 
5 ft. from the ground 

•2555 

3-66 

St. Pancras Fire 

Station 

January to 

July 1870 


•2656 

3*66 

Islington, Essex Rd. 

— 

— 

•4866 

6-96 

Fire Station, 16 





Hampstead Fire Sta- 
tion, 11 

February to 
May 1870 

E. and W. ; 10 ft. 
from ground ; 460 ft. 
above the sea 

•6686 

812 

St. John's Wood Fire 


— 

•7301 

10-43 

Station, 10 





Highgate Road Fire 
Station 

.Tanuary to 

May 1870 

Westerly 

•8061 

12-37 

Avorn;’’e . 

. 

. 

•3474 

4-96 
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RAIN. 


RAIN. TABLE LXXVIll.— continwec?. 


8V. AND SB. DISIBICIS. 





I 

1 

Hydrochloric • 
Acid. 

Kain obtained from 

Date. 

Remarks, Wind, &c. 

Grains 

per 

Gallon. 

1 

Parts 
per , 
Million 

Guy’s Hospital 

Feb. 1869 . 


•1703 

2*43 

Westminster Fire 

Station 

May 1870 . 

SW. ; 05 ft. from the 
ground and 30 ft. 
from dwellings 

•5^78 

8*11 

Claphara Fire Station, 

— 



•6387 

912 

51 





Fulham „ „ 

March to May 
1870 

Westerly ; 24 ft. from 
the ground 

•6813 

9-73 1 

Fulham Hoad, near 
Consumption Hosptl 

February to 
May 1870 

Westerly j 43 ft. from 
the ground 

•0291 

13-27 

Tooting Fire Station, 

— 

(Water alkaline) 

•9310 

13-30 

62 





Average . 

. 

. 

•0630 

9*33 
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LONDON, 1870. 

RAIN. TABLE LXXIX. 
HYDROCHLORIC* ACID (CHLORIDES). 
London, 1870. 

E. AKD E.O. DI8TEICT8. 





Hydrochloric 




Acid. 

Kain obtained from 

Bate. 

Bcmarks, Wind, &c. 

Grains 

Parts 




per 

per 




Gallon 

Million 

Poplar 

Nov. and Dec. 
1809 

Chiefly westerly 

•0508 

•81 

Watliiig Street Fire 

January to 


•2839 

4-00 

Station 

February 1870 




Bow Fire Station, iSl 

— 

— 

-.3104 

4-50 

Hackney „ 27 

-- 

— 

•0813 

9-73 

Poplar, West India 

January to 

Chiefly westerly; 45 

•7301 

10^43 

lioad Fire Station, 33 

May 1870 

ft. from ground 



Mile End Fire Sta- 

— 

45 ft, above ground 

•7802 

11-23 

tion, 30 




South Hackney Fire 

January to 

, Chiefly westerly; over 

•7862 

11-23 

Station, 28 

1 May 1870 

a closet; 12 ft. above 





ground and 40 ft, 
from nearest chimney i 



Fire Station, 36 


• J 

•8517 

12-17 

St. Luke’s Fire Sta- 




•9828 

14-04 

tion, 18 





Wellclose Square Fire 

January to 



10220 

14-00 

Station 

May 1870 




Holborn Fire Station, 

February to 


1-0220 

1400 

22 

xMay 1870 




Bishopsgate Street 

. — 

! , 

1-0220 

1400 

Fire Station, 34 
Whitechapel Fire 


- 1 

[-1355 

1022 

Station, 37 


_ 






•7440 10-04; 


Avornge . 
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BAIN, 


RAIN. TABLE LXXIX.— continue.'. 



W. ANB W.C. 

DISTRICTS. 






Hydrochloric 

Acid. 

Bain obtained from 

Date. 

Wind, Remarks, &c. 

Grains 

per 

Gallon. 

Parts 

per 

Million 

Paddington Fire Sta- 
tion, o 

April and May 

Chiefly westerly 

*0662 

9-30 

St. Giles Fire Station, 
21 

January to 

May 1870 

ff H 

•6813 

9-73 

Kensington Fire Sta- 
tion, 5 

April and May 
1870 

V fi 

•7301 

10-43 

Hammersmith Fire 
Station, C 

— 

— 

•9291 

13-27 

Regent Street Fire 
Station, 13 

January to 

May 1870 


1*7033 

24*33 

Average . 

. 


•»398 

13-42 


RAIN. TABLE LXXX. 
HYDROCHLORIC ACID (CIILORIDES). 
London, 1870. 


1 

Five Stations — Names lost. 

Hydrochloric Acid. 

Grains per 
Gallon. 

Parts per 
Million. 

No. 1 

1-6486 

23-66 

No. 2 

1-2776 

18-26 

No. 3 

1*0872 

16-63 

No. 4 

•7301 

10-43 

No. 6 

2-0440 

29-20 

Average . 

13576 

1 1939 

Average of all London . 

•7323 

1 

10-46 

Woolwich Fire Station . 

•6678 

8-11 

Greenwich „ „ . . 

•7862 

*11-23 
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LONDON, 18“0. 

RAIN. TABLE LXXXI. 

SULPHURIC ACID (SULPHATE^). 
London, 1870. 

N. AND NW. DISTRICTS. 


Bain obtained from 

Date. 

Remarks, 
Wind, &c. 

Sulphuric 

Anhydride. 

Graiiifi 

per 

Gallon. 

Parts 

per 

Million 

Islington, Compton Terrace, 

March to Sept. 1870 



•8162 

11-06 

Stoke Newington Fire Star 

Jan. to May 14 „ 

Cliiell) W. 

1-3001 

19-43 

tion, 29 





Edward Street, Hampstead 
Hoad, close to Cumberland 

Nov. 27, 1860 

wsw. 

1-4700 

21 

Market, during a gale 





Cavershara Road, near Kent- 

Dec, to Jan. 1870 

w.&sw. 

1-4700 

21 

ish Town Railway Station 





Islington, Compton Terrace . 

December 1809 

— 

2-0276 

28-96 

Hampstead Fire Station, 11 

Feb. to May 16, 1870 

Ely & wly 

3-17.33 

46-33 

HighgateRd. „ „ — 

Jan. to May 15 „ 

Westerly 

3-5700 

51 

St. John’s Wd. „ „ 10 

— 

— 

3-5700 

61 

Islington, Essex Rd. „ 16 

— 

— 

3-8080 

64-40 

St. Pancras „ ,, — 

Jan. to July, 1870 

• 

4-0803 

58-29 

Average 

. 

• 

2-5346 

36-21 


SW. AND SB. DISTRICTS. 


Guy’s Hospital . 

February 1869 


1-4700 

21 

Tooting Fire Station, 52 . 

— 

— 

2-2848 

32-64 

Fulham „ „ — . 

March to May 1870 

Westerly 

2-7200 

88*86 

Westminster,^ „ — . 

May 1870 

SW. 

3-3600 

48 

Fulham Road, near Con- 

Feb. toMay20, 1870 

— 

4-7000 

68 

sumption Hospital 

Average 

. 

. 

2-9100 

1 

41-70 
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RAIN, 


RAIN. TABLE LXXXII. 

SULPHURIC ACID (SULPIIATBS). 


London, 1870. 

E. AND E.C. DISTRICTS. 


Itain obtained from 

Date. 

Remarks, 
Wind, &c. 

Sulphuric 

Anhydride. 

( 

Grains, Parts 
per per 

Gallon. Million 

Poplar .... 

Nov. & Dec. 1869 

Chiefly westly 

•7350 

10*50 

Wntling St. Fire Station 

Jan. to Feb. 1870 

— 

1*1760 

16*80 

Bow „ „ 31 

— 

— 

2-;5800 

34 

Stb Hackney „ „ 28 

Jan. to May 1870 

Over a closet, 
12 ft. above 
ground, and 
40 ft. from 
Tiearstchmny; 
chiefly westly 

‘2-mo 

• 

37*10 

Poplar, West India Road 
Fire Station, 33 

n JJ V 

1 

Chiefly westly 

1 

3*5700 

51 

Fire Station, 36 


1 1 

36187 

51*70 

Hackney „ „ 27 

— - 

— 

4*3039 

62*77 

Wellclose Sq.„ „ ~ 

Jan. to Ap. 28, 1870 

Chiefly westly 

4*7600 

68 

St. Luke’s „ 13 

— 

— 

5*7120 

81*60 

Ilolborn „ „ 22 

Feb. to My 20, 1870 

Chiefly westly ' 

5*0500 1 

85 

Mile End „ „ 30 

— 

45 ft. frm ground' 

7*1400 

102 

Whitechapel „ „ 37 

— 

— 1 

8*1620 

116*60 

Bishopsgate St. „ 34 

— 

— j 

8*4000 

120 

Average . 

. 

. . . * 

4*5078 

64*39 



LONDON, 1870. 3J 

RAIN. TABLE LXXXII contvmed. 

Vr. A»D W.C. DISTRICTS. 


Specimens long exposed. 

Kain obtained from 

Date. 

Remarks, 
Wind, &c. 

Siilphuri 

Anliydrid 

Grains 

per 

Gallon. 

Pa 

P' 

Mill 

Ilammersniith Fire Statu, 0 

— j 


3-3(300 

48 

Kensington „ „ 5 

Ap, to My 23, 1870 

1 

a-i;roo 

1 

31 

Paddington „ „ 8 

if ti ff 

Cbiedy westrly 

^•1940 

74-: 

llegent Street „ „ 13 

Jan. to My 14 „ 

ff 

3-7120 

81 •( 

St. Giles’ „ „ 21 

)f f) V 

ff )} * 

(3-3407 

^ 1 

00-( 

1 Average . 

• 

. 

1-8303 

09-C 


RAIN. TABLE LXXXIII. 
SULPHURIC ACID (SULPIIATES). 
London, 1870. 



Sulphuric Acid. 

Five Stations — Names lost. 

Grain.s per 
Gallon. 

^ Parts per 
, MiJliou. 

No. 1 . ... 

4-0800 

58-28 

No. 2 

11-9000 

170 

No. 3 

7-1400 

102 I 

No. 4 

44044 

02-92 

No. 5 

3-1733 

4.5-33 

Average . 

0-1393 

87-71 

Average of all London . 

4-0372 1 

57-67 

Woolwich Fire Station . 

4*0810 

58-30 

Greenwich „ „ , 

3-7120 

j 81-00 


A A 
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RAIN, 


RAIN. TABLE LXXXIV. 


PROPORTION OF HYDROCHLORIC ^ ACID TO SULPHURIC ACID 

(chlorides to sulphates). 

London, 1869 and 1870. 


N. AND NW. DISTRICTS. 
SpocimoiKS mostly long exposed. 

Kain obtained from 


Proportion of Hydro 
chloric to Sulphuric 
Acid. 


Highgate Road Fire Station .... 

1 

to 

4-12 

St. Jolm^fl Wood „ ...... 

1 

V 

4-89 

Stoke Newington „ 

1 

n 

632 

Hampstead „ „ 

1 

n 

5-58 

Islington, Essex Road Fire Station 

1 

n 

7-83 

Islington, Compton Terrace, 1870 

1 

ff 

8 

,, ,, 1869 .... 

1 

o 

16*48 

St Pan eras Fire Station 

1 

V 

15-97 

Caversham Rd., near Kentish Town Rly Station . 

1 


31-82 

Edward St., Hampstead Road, close to Cumber- 




land Market, during a gale .... 

1 

n 

4G-08 

Ratio of Average Acids 

1 

to 

7*30 

SW. AND SE. DISTRICTS. 




Tootirig Fire Station ...... 

1 

to 

2-46 

Fulham „ 

1 

n 

309 

Fulham Road, near Consumption Hospital 

1 

ff 

612 

Westiniiistor Fire Station . * . 

1 

77 

602 

Guy’s Hospital 

1 

77 

8-63 

Ratio of Average Acids 

1 

to 

4-47 


KAIN. TABLE LXXXV. 

PROPORTION OF HYDROCHLORIC TO SULPHURIC ACID 

(chlorides to sulphates). 

London, 1869 and 1870. 

E. AND B.C. DISTRICTS. 

Specimens long exposed. dSric to 

Rain obtained from pliiiric Acid. 

South Hackney Fire Station, 28 . . . . 1 to 

Watling Street „ — . . . . 1 „ 414 

Fire Station, 8(> . , . .1 .l*25 

Wellclose Square „ .... 1 „ 4*GG 



LONDON, 1870. 


o« 


8pccimcns lonpr exposed. 
Rain obtainod from 


Proportion of Hy- 
drochloric to Sul- 
phuric Acid. 


Poplar, West India Road Fire Station 

. 1 to 

4*88 

St. Luke’s 

n 

yy 

. 1 » 

5*81 

Holborn 


yy 

• 1 » 

G-82 

Hackney 

yy 

yy 

• -1 « 

O' 45 

Whitechapel 

yy 

yy 

• 1 » 

7*19 

Bow 

yy 

yy 

• 1 » 

7*40 

Bishopsgato Street 

yy 

yy 

• 1 o 

8*22 

Mile End 

yy 

yy 

■ 1 o 

0-08 

Poplar 

• 

• 

• 1 )I 

12-04 

Ratio of Average Acids 

• 

0*05 


W.C. ANB W. 

DISTRICTS. 



Regent Street Fire 

Station . 


. 1 to 

' 3'35 

Hammersmith ,, 

a 

. . 

• 1 yy 

3(?2 

Kensington „ 

)» 

• 

• 1 o 

4-80 

i’addingtoii ,, 

yy 

. 

. 1 » 

703 

St. Giles’ ,, 

9 « • 

• • 

. 1 .. 

0-32 

Ratio of Average Acids 

• 1 „ 

51 5 


RAIN. TABLE LXXXVI. 


PROPORTION OF HYDROCHLORIC TO SULPHURIC ACID 
(cin.ORlDES TO sulphates). , 


Five Stations — 
Names lost. 


London, 1870. 


No. 5 

No. 1 

No. 4 

No. 3 

No. 2 

Ratio of Average Acids 


Proportion of Hydro- 
chloric to Sulphu- 
ric Acid. 

. 1 to p.Oo 

. 1 „ 2-47 

. 1 „ 6-03 

. 1 „ G-o7 

. 1 „ 0*31 

. 1 to 4-52 


Average of all London 


1 to 5*51 


Woolwich Fire Station . . . . 1 to 7*10 

Greenwich „ „ . . . • 1 7*27 
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RAIN. 


RAIN. TABLE LXXXVH. 

C 

ACIDITY (free acids). 


London, 1869 and 1870. 
N. AND NW. DISTRICTS. 


Specimens mostly long exposed. 

Eain obtained from 

1 

Aciaity calc, as Sulphuric 
Anhydride. 

Grains per 
Gallon. 

Parts per 
Million. 

Edward Street, Hampstead Hoad, close to 

None 

None 

Cumberland Market, during a gale . 



Islington, Compton Terrace, December 18G9 

•2738 

3-90 

Highgate Road Fire Station 

•4730 

6-76 

Hampstead 

•6832 

0-76 

Stoke Newington 

•7801 

11-14 

Islington, Compton Terraco, March to Sep- 

•8358 

11-94 

tember, 1870 



St. John’s Wood Fire Station . 

•9104 

13-13 

St. Pancras „ • 

•9472 

13*53 

Islington, Essex Road „ „ . . . 

1-3930 

19-90 

Average 

•7006 

1001 


8W. AND SE. DISTRICTS, 


Tooting Fire Station .... 

Alkaline 



Fulham „ „ . . . . 

•3985 

6-69 

Guy’s Hospital 

•5.387 

7-70 

Westminster Fire Station . 

•8358 

11-94 

Fulham, near Consumption Hospital . 

1-3094 

18-70 

Average (of 5) 

•6165 

8-81 
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LONDON, 1870. 

EAIN, TABLE LXXXVHI. 

ACIDITY (free acids). 


London, 1869 and 1870. 
E. AND E.O. DISTRICTS. 


Specimens long exposed. 

Rain obtained from 

Acidity calc, as Sulphuric 
Anhydride. 

drains per 
Gallon. 

Parts per 
Million. 

Poplar 



•2733 

3*90 

Poplar, West India Road Fire Station 


•4782 

.6*83 

South Hackney 



•0832 

9*76 

Bow 

H V 


•7622 

10*76 

Whitechapel 

ff If 


•8368 

11*94 

Fire Station, 30 . 

. . 


•9751 

13*93 

Wellclose Square Fire Station 


1-2637 

17*91 

Mile End „ 



1*8109 

26*87 

Holborn „ 

ff • 


2*4238 

34*62 

Bishopsgate Street „ 

ft • • 


3*3432 

47-76 

Watling Street „ 

ff 


None 

None 

St. Luke’s „ 

ff 


« • 

ff 

Average . 

. 

• 

1*0691 

16*27 


W.C. AKD W. DISTRICTS. 


Paddington Fire Station .... 

Alkaline 



Hammersmith „ „ . . . . 

•6293 

7-66 

Kensington „ „ . . . . 

1-2637 

1701 

St. Giles’ „ „ . . . . 

1*9502 

27-86 

Regent Street „ „ . . . . 

2*2288 

31*84 

I 

Average (of 6) ... 

1-1924 

17*03 




m 


BAIN, 


RAIN. TABLE LXXXIX. 
ACIDITY (free acids). 
London, 1870. 


Specimens long exposed. 

Acidity calc, as Sulphuric 
Anhydride. 

Five Stations — Names lost. 

Grains per 
Gallon. 

Parts per 
Million. 

No. 3 

1-3U30 

19-90 

No. 4 

1-6323 

21-8j) 

No. 1. 

.10710 

23-88 

No. 5 

1 

2-2288 

31-84 

No. 2 

3-3432 

47-76 

Average 



2 0338 

29-06 

Average of all London (including alkaline 

1-0662 

15-22 

samples) 


[ 

Average of all London (leaving out the alka- 

1-1279 

i 16-11 

line samples) 



Greenwich Fire Station .... 

•8079 

11-64 

Woolwich „ „ .... 

1-6716 

23-88 
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LONDON, 1870, 


RAIN. TABLE XO. 

AMMONIA, 

London, 1869 and 1870- 
N. AND NW. DISTRICTS- 


I 


Specimens mostly long 
exposed. 

Kain olitaiiied from 

Date. 

1 

j 

Remarks. 

Ammonia. 
Parts per 
Million. 

Islington, Compton 
Terrace 

March to Sep- 
tember 1870 

— 

•CO 

Stoke Newington Fire 
Station, 20 

January to May 
1870 

20 ft. from dwellings and 
5 ft. from the ground, 
chiefly west 

1*80 

Hampstead Fire Sta- 
tion, 11 

February U» 

! May 10, 1870 

j 

10 ft. from ground, 450 ft. 
above sea, easterly and 
westerly 

2-10 

Hampstead Rd., Fid- 
ward St., Cumber- 
land Market, a gale 

November 27, 
1800 

5 ft. from ground, WSW,, 

1 15 ft. above sea 

2'60 

Islington, Compton 
Terrace 

December 1869 

— 

4*70 

Ilighgate Road Fire 
Station 

January to 

May 15, 1870 

Westerly W. 

6*50 

Islington, Essex Road ! 
Fire Station, 10 

— 

' — 

6-70 

St. Pancras 

January to July 
1870 

— — • 

7-61 

St. John’s Wood Fire 
Station, 10 

I 

— 

8-60 

Average . 

r 

! 

1 


4*57 


SW. AND 8K. DISTRICTS. 


Guy's Hospital . 

February 1869 

— 

5-30 

Fulham Fire Station . 

March 21 to 
May 12, 1870 

Westerly, 24 ft. from the 
ground 

6-40 

Fulham Rd.,neRr Con- 
, sumption Hospital . 

February to 
May 20, 1870 

Westerly, 43 ft. from the 
ground 

18-70 

i Average . 

1 


loas 


Parts per 
Million. 
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RAIN, 


BAIN. TABLE XCI. 

€ 

AMMONIA. 


London^ 1869 and 1870. 
Pi. AND P.C. DISTRICTS. 


Specimens long exposed. 

Rain obtained from 

Bate. 

Remarks. 

Ammonia, 
Parts per 
Million. 

Poplar 

November and 

December 1869 

— 


1*30 

Whitechapel FireSta- 

— 

— 

2*10 

tion, 37 ' 





Bow Fire Station, 31 • 

- 

— 

5-90 

South Hackney Fire 
Station, 28 

.January to 

May U, 1870 

Over a closet, 12 ft. aboye 
the ground, 40 ft. from the 
nearest chimney, chiefly W. 

6-80 

Fire Station, 30 

— 

— 

8*10 

Poplar, West India 
Hoad Fire Station, 33 

January to 

May 2, 1870 

45 ft. from the ground, 
chiefly W. 

9-91 

St. Ijiike's Fire Sta- 


— 

10*30 

tion, 18 





Watling St. Fire Ra- 
tion 

January toFeb- 
ruary 1870 

— 

1220 

Mile End Fire Sta- 

— 


13*20 

tion, 80 





Wellclose Square Fire 
Station 

January to 

April 28, 1870 

Chiefly westerly 

18-60 

Holborn Fire Station, 
22 

February to 
May 20, 1870 


22*40 

Bishopsgate Street 

Fire Station, 34 



32*36 

Average . 



11*93 
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LONDON, 1870. 

RAIN. TABLE XCI. — continued. 


W. DISTRICT. 


Specimens long exposed. 

Bain obtained from 

Date. 

Remarks. 


Paddington Fire Sta- 
tion, 8 

April to May 
23, 1870 

Chiefly westerly 

•60 

Hammersmith Fire 
Station, 6 

— 

— 

2-06 

Kensington Fire Sta- 
tion, 5 

April to May 
23, 1870 

Chiefly westerly 

7-60 

Average . 


i 

8*42 


W.O. DISTRICT. 


Regent Street Fire 

January to May 

Chiefly westerly 

2215 

Station, 13 

14, 1870 



St. Giles^ Fire Station, 

January to May 


2600 

21 

14, 1870 ! 

1 




RAIN. TABLE XCII. 

AMMONIA. 

London, 1870. 

Four Stationri — Ammonia. 

Names lost. Parts per Million. 


No. 4 

. 10-30 

No. 1 

. 11-90 

No. 3 

. 1290 

No. 2 

. 39-80 

Average . ; . . 

. 18-72 

Average of all London 

. 10-67 

Woolwich Fire Station 

. 660 

Greenwich „ „ . 

. 14-70 
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EAIN. 


RAIN. TABLE XCIII. 
ALBUMINOID AMMONIA. 


London, 1869 and 1870. 
N. AND NW. DISTBTCTS. 


Specimens mostly long exposed. Albuminoid 

^ « Ammonia. Parts 

Kam obtained from ^ Million 

Edward St., Hampstead Rd., Cumberland Market, 

during a gale 

. TO 

Hampstead Fire Station, 11 . 

. 13 

Islington, Compton Terraco, 1869 

. T3 

Stoke Newington Fire Station, 29 . 

. T76 

Islington, Compton Terrace, 1870 

. *20 

St. John’s Wood Fire Station, 10 

. *25 

Highgate Road „ „ — 

. *27 

Islington, Essex Road Fire Station, 16 

. *40 

St. Pancras Fire Station .... 

. *76, 

Average 

. *267 


SW. AND 8E. DISTRICTS. 

Fulham Firo Station •••... TO 
Fulham Road, near Consumption Hospital . . *47 

Guy^s Hospital *60 

Average '367 

RAIN. TABLE XCIV. 


ALBUMINOID 

AMMONIA. 


London, 1869 and 1870, 


E. AND E.O. 

DISTRICTS, 


Specimens long exposed. 
Rain obtained from 


Albuminoid 
Ammonia. Farts 
per Million. 

Poplar . . . • 

. . ■ • 

. . *09 

Wellclose Square Fire Station 

• 

. T6 

— ff fj 

36 . 

. -20 

South Hackney ,, „ 

28 . 

. -20 

Bow „ „ 

31 . 

. *20 



LONDON, 1870. ^63 


Specimens long exposed. 

Bain obtained from 



Albuminoid 
Ammonia. Parts 
per Million. 

Poplar, West India Road Fire Station, 33 

. *20 

Watling Street 

Fire Station 

. 

. 

. *20 

St. Luke’s 


» 

18 . 

, 

. *46 

Mile End 

» 


30 . 

, 

. *46 

Whitechapel 

f) 

)) 

37 . 

. 

. -66 

Holborn 


19 

22 . 

. 

. *65 

Bibhopsgate St. 


11 

34 . 

• 

. 1*08 

Average 


• 

• 

• 

. *37 



W. DISTRICT. 



Hammersmith Fire Station, 6 

, 

, 

. *20 

Paddington 

)> 

„ 8 

. ^ 


. *30 

Kensington 

)) 


• 

• 

. *36* 

Average 

. 

. 

• 

. 

. *283 


W.C. DISTRICT. 


St. Giles’ Fire Station, 21 ... 

. *30 

Regent St. „ „ 13 ... 

. *60 


RAIN. TABLE XCV. 

ALBUMINOID AMMONIA. 


Loiulon, 1870. 

Four Stations- - Albuminoid Ammonia. 

Names lost. Parts per Million. 

No. 4 -25 

No. 1 -30 

No. 2 -30 

No. 3 *35 

Average ....... *30 

Average of all London ..... *320 

Greenwich Fire Station *20 

Woolwich „ „ *33 
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RAIN, 


RAIN. TABLE XCVL 

NITRIC ACID. 

London, 1869 and 1870. 

N. AND NW. DISTRICTS. 

Specimens mostly long exposed. Nitric Acid. 

Rain obtained from 

Million, 


Edward St., Hampstead Rd., close to Cumberland 


Market, during a gale 

. 


•482 

St. Pancras Fire Station 



*972 

Islington, Compton Terrace, Dec. 1869 


. 1*482 

Stoke Newington Fire Station, 

29 


. 5*901 

St. John’s Wood Fire Station, 

10 


. 7*495 

Islington, Essex Rd. „ 

IG 


. 16-278 

Hampstead „ 

11 


. 17*763 

Highgate Road „ 

— 


. 24*802 

Average 

. 

. 

. 9*397 


SW. AND SE. DISTRICTS. 

Fulham Road, near Consumption Hospital , . 3 *680 

Fulham Fire Station 6*533 

Average 4*000 

RAIN. TABLE XCVII 

NITRIC ACID. 

London, 1869 and 1870. 

E. AND £.C. DISTRICTS. 

Specimens long exposed. 

Bain obtained from 

Poplar 

South Hackney Fire Station, 28 . 

Poplar, West India Road Fire Station. 83 
Wellclose Square Fire Station 
Holbom „ „ 22 . 

Bishopsgate Street „ „ 34 

Bow „ „ 31 . 


Nitric Acid. 

Parts pe-r 
Million. 

•656 
. 1-454 

. 2*198 

. 2*660 
. 3*335 

. 4*048 

. 7013 



LONDON, 1870. 


365 


Specimens long exposed. Nitric Acid, 

Rain obtained from ^Million^ 

St. Luke’s Fire Station 18 7*013 

— „ 30 7*757 

Mile End „ 30 16*059 

Whitechapel „ 37 17*390 

Average 6*303 


W. DISTRICT. 

Kensington Fire Station, 5 2*751 

Paddington „ 8 21*096 

Hammersmith „ 6 22*949 

Average 15*598 

AWO. DISTRICT. 

St. Giles’ Fire Station, 21 1*825 

Regent St. „ „ 13 2*936 


RAIN. TABLE XCVIII. 

NITRIC ACID. 


Ix)ndon, 1870. 


No. 1 

Nitric; Acid. 
Parts per Million. 

. 2*195 

No. 3 

. 4*048 

No. 4 

. 12*572 

No. 2 

. 18*872 

Average . 

. 9*422 

Average of all London 

. 8*121 

Greenwich Fire Station 

. 8*124 

Woolwich „ „ 

. 10*278 
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BAIN, 


EAIN. TABLE XCIX. 
PERMANGANATE TEST. 
London, 1869 and 1870. 


N. AND NW. DISTRICTS. 



Parts by Weight. 


Oxygen required 
per one Million 

Parts of Water. 

Spocimr^ns mostly long exposed. 



Rain obtained from 

Instantly. 

Total in a 
few Minutes 
with Acid. 

Stoke Newington Fire Station, 29 . 

None 

1-560 

Hampstead Fire Station, 11 . 

•i;io 

2*425 

Islington, Compton Terrace, 1870 . 

-.390 

2*815 

„ „ „ Dec. 1869 

•942 

4-643 

St. Pancras 

None 

4*701 

Islington Fire Station, 16 . . . 


6*066 

St. John’s Wd. „ 10 ... 

None 

•6*066 

Highgate lid. „ — ... 

•066 

11-374 

Average 

•231 

4-956 

8W. DISTRICT. 



Fulham Fire Station .... 

None 

1 2*816 

Fulham ltd., near Consumption Hospital . 

2*491 

15-382 

Average | 

' 1-245 

9-099 1 


E. AND E.C. DISTRICTS. 


"7 ■ 


Poplar 1 

•269 

2-512 

Wow Fire Station, . . . . 

None 

3*141 

Poplar, West India Pd, Fire Station, 33 . 

•260 

3-858 

South Hackney Fire Station, 28 

•260 

4-116 

„ „ 36 

-196 

5-741 

St. Luke’s „ „ 18 . . 

1-083 

9*533 

Wellclose Sq. „ „ — . . 

•670 

9*749 

Mile End „ „ 30 . 

•780 

' 9*966 

Whitechapel „ „ 37 

' •758 

11*049 

Holborn „ „ 22 . . 

4-550 i 

! 19*500 

Bishopsgate St. „ „ 84 . 

5-850 1 

23*400 

Average 


0-270 
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LONDON, 1870. 


RAIN. TABLE C. 

PERMANGANATE TEST. 
London, 1870. 

W. DISTKICT. 


Specimens long exposed. 


1 

Parts by Weight. 

Oxygen required 
per Million Parts 
of the Water. 

Bain obtained from 


Instantly. 

Total in a 
few Minutes 
with Acid. 

Hammersmith Fire Station, 6 • 

. 

•216 

4-008 

Paddington „ „ 8 * 

• 

None 

6-630 

Average .... 

• 

•108 

4-810 

St. Giles’ Fire Station, 21 


4116 

16-249 

Begent St. „ ;; 13 . . 

• 

4-.‘133 

20-366 

4 Stations — JYames lost. 

No. 1 


•217 

4-333 

No. 4 . , 

• 

’•642 ’ 

6-091 

No. 2 

. 

•620 

6-741 

No. 3 


•685 

7*366 

A'VBTaRd .... 


•46ft 

5032 

Average of all London . 

1-019 

7-886 

Woolwich Fire Station . 

. ! 

None i 

2-166 

Greenwicli „ „ . . . 


•195 1 

6-391 
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RAIN, 


RAIN. TABLE CL 

MANCHESTER RAIN-WATER COLLECTED DURING 1869. 
ACIDS (combined AND ^EEE) AND ACIDITY. 


Date. 

Hydrochloric 

Acid. 

Sulphuric Acid 
(Anhydrous). 

Proportion— 
Ilydrochlork 
to Sulphuric 
Acid. 

Acidity calcu- 
lated as Sul- 
phuric Acid 
(Anhydrous). 

Grains 

I)cr 

Gallon. 

P/irte 

IH'T 

Million. 

Grains 

per 

Gallon. 

Parts 

per 

Million. 

Grains 

per 

Gallon. 

Parts 

per 

Million. 

January 

(«). 

•5110 

7-30 

5-6000 

80 

1 to 10-96 

2-3087 

32-98 

Ecbninry 

II • 

•6387 

912 

2-9400 

42 

1 „ 

4-60 

1-6930 

24-20 

March 

II • 

•7300 

10-43 

7-3500 

105 

1 „ 

10-07 

1-3664 

19-52 

April 

II • 

•3006 

4-29 

3-6750 

52-50 

1 „ 

12-22 

•5465 

7-81 

May 

11 • 

•3193 

4-56 

2-9400 

42 

1 ,, 

9-20 

1^ 

CO 

— r 

20-49 

June 


•5677 

811 

3-2666 

46-67 

1 II 

5-75 

•9565 

13-66 

July 


•3931 

5-62 

3-2666 

46-67 

1 II 

8-31 

•4782 

6-83 

August 

II • 

•3006 

4-29 

2-9400 

42 

1 1, 

9-78 

•786r 

11-22 

It 

(6). 

•1460 

2-08 

2-9400 

42 

1 II 

20-14 

None 

None 

II 

(6-). 

•2044 

2-92 

1-7294 

24-71 

1 ,, 

8-46 

— 


September 

(«) • 

•3407 

4-87 

3-2667 

46-67 

1 ,1 

9-69 

•4441 

6-34 

>> 

w- 

•2556 

3-65 

1-9600 

28 

1 I, 

7-67 

None 

None 

It 

(0 • 

•2044 

2-92 

•9800 

14 

1 „ 

4-79 

•0683 

•98 

October 

(«)• 

•4258 

6-08 

3-7800 

61 

1 ,, 

8-88 

1-1273 

16-10 

II 

(i). 

•3931 

5-61 

1-5474 

22-11 

1 *1 

3-94 

•1366 

1-95 

II 

(c) . 

•5678 

8-11 

1-5474 

22-11 

1 ,1 

2-72 

•1366 

1-95 

November 

(«) • 

•7862 

11-23 

2-9400 

42 

1 1, 

3-74 

•3074 

4-39 

„ 

(h). 

•7300 

10-43 

4-2000 

60 

1 

6-73 

•0342 

•49 

11 

(c). 

•6012 

8-60 

1-4700 

21 

1 II 

2-44 

•10*25 

j 1-46 

December 

(a). 

•1022 

1-46 

•9187 

13-12 

1 „ 

8-99 

•1879 

2-68 

II 

(4). 

•3194 

4-56 

2-9400 

12 

1 „ 

9-20 

•3416 

4-88 

II 

(c). 

•2222 

317 

1-9600 

28 ; 

1 ,, 

8-82 

•3758 

5-37 

Mean 


•4118 

5-88 

2-9163 

41-66 

1 to 

7-08 

•5833 

8-33 

Mean of (a) 


•4513 

6*45 

3-5736 

51-05 

1 „ 

7-91 

•9697 

13-85 

Mean of (a) from 

•3911 

5-59 

2-7691 

39-56 

1 II 

7-08 

•5705 

8-16 

August 










Mean of (d) 

. 

*3688 

5-27 

2-7175 

3882 

1 1, 

7-37 

•1025 

1-46 

Mean of (c) 



•3600 

514 

1-5373 

21-96 

1 

1 , 

4-27 

•1708 

2-44 


fr.Th'iti* 1m.Hnri7ttoirv. 1, 2 ft„ ffibovo the irround. iRjjwxr* 'J.AifiV ni»i,n,v(r» flro. 
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KAIN. TABLE CII. 
MANCHESTER RAIN-WATER, 1869. 

‘ammonia’ and nitric acid. 



Parts per Million. 

Month. 

Ammonia. 

Albuminoid Ammonia, 

Nitric Acid. 


A. 

B. 

C. 

A. 

B. 

i C. 

A. 

B. 

0. 

January . . 

9-30 





•20 



__ 

•741 



February . . 

8 


— 

•30 

— 

— 

•370 

— 

_ 

March . . . 

13-30 

-- 

— 

•22 

— 



•92G 





April . . . 

18 

- ■ 

— 

•25 


— 

1-112 

— 



May . . . 

11 


— 

•25 

— 



•648 

— 



Juno . • 

6-90 

— 

— 

‘15 

— 

— 

•926 





July . . . 

8-40 


— 

•30 

— 

— 

1*668 

— 



August . . 

i-20 

l-fiO 

9-09 

•20 

‘16 

•73 

•741 

1-482 

— 

September 

olO 

2-70 

2-80 

•30 

•30 

•25 

•656 

M12 

•741 

October . . 

9 

4o0 

2-40 

•17 

•19 

■075 

•741 

0-926 

•556 

November 

5-20 

4-00 

2-10 

•18 

•15 

•05 

•741 

1-853 

•741 

December 

1-50 

7'50 

2-90 

•07 

•15 

•15 

•556 

0-926 

•556 

Mean . . . 

8-32 

4-16 

3-80 

•216 

•19 ! 

•25 

•810 

1-260 

•048 

Mean from 

5 

— 


•18 

— 

— 

‘667 





August 








! 



A. All Saints 12 ft. abovn the ground. 

B. „ 30 „ „ 

C. Lit. and Philosophical Society, George Street . 2 „ „ 


RAIN, TABLE CIIL 
MANCHESTER RAIN-WATER, 1869. 
PERMANGANATE TEST. 


Parts by Weight. Oxygen required per Million Parts of 
Ilain -Water. 


Mouth, 


Instantly. 


In a few Minutes with Acid. 


A. 1 

1 B. 

c. 

A. 

1 1 

1 B. 

C. 

Sc])toinbcr , . 

1 

’ _ 

_ 

*676 

1 -950 

•910 

October . . . 

None 

•026 

None 

1-846 

2-336 

; 1-.301 

November . . 

•157 

•202 

•046 

1-839 

2-444 

1*413 

December . . 

•179 

•718 

•449 

2061 

4-464 

3-364 

Mean . . . 

•112 

I -315 

•165 

1-G05 

2-798 

1-747 


A. All Saints 12 ft. above the ground# 

B. „ 30 „ 

C. Lit. and Philosophical Society, George Street . 2 „ ., *. 


A. All Saints 12 ft. above the ground# 

B. „ 30 „ 

C. Lit. and Philosophical Society, George Street . 2 „ ., *. 




ST. HELEN’S AND RUNCORN RAIN-WATERS, 1869. 
ACIDS (free and combined). 


RAUL 


370 




ST, HELEN 8 AND RUNCORN, 


371 


EAIN. TABLE CV. 

ST. HELEN’S AND RUNCOBN RAIN-WATERS, 1869. 
‘AMMONIA "and NITRIC ACID. 


Hain obtained from 

Date. 

Parts per Million. 

Ammonia. 

=il| 

Nitric 

Acid. 

St. Helen’s, W. wind 

Feb. 18 to March 11. 

6 

•16 

_ 1 

II 1} • • 

March 1 1 to April 22 

6 

■16 

— 

i» II • • 


4*66 

•18 

•920 


April 23 . 

6*50 

•20 

— 

„ High St., E. wind . 

April 22 to May 20 . 

6-40 

•15 

•926 

II II II • 

11 II 

3-67 

•17 

•656 

If II II 

May 20 to Aug. 1 2 . 

300 

•70 

— 

M M • • • 

If II 

4*25 

•30 

6-300 

M M • - • 

October 2 

2-40 

•30 

•656 


Aug. 12 to Oct. 8 

4 

•08* 

•926 


November 4 

4-GO 

•20 

•370 

II - 


4‘70 

•20 

•741 

Average .... 

. 

4-66 

•23 

M13 

Runcorn, near Alkali-Works 

April 28 to Sept. 30 . 

1-50 

•30 

•371 

II 11 II 

Sept. 26 to Oct. 6 

4-80 

•10 

— 


November 9 

7-60 

•17 

•186 

Average .... 

■| 

4G3 

•19 

•278 


RAIN. TABLE CVI. 

ST. HELEN’S AND RUNCORN RAIN-WATERS, 1809. 


TERMANGANATE TEST. 


Hain obtainetl from 

Date. 

Parts by Weight. 
Oxygen required per 
Million Parts Rain 
Water. 


Instantly. 

In a few 
Minutes 
with Acid. 

St. Helen’s (garden in High St.) . 

„ .High Street 

n II • • 

„ (garden in High St.) . 

II II II • 

May 20 to Aug. 12 . 

II II • 

Aug. 12 to Oet. 8 
October 2 . 

November 4 

None 

None 

4*992 

2132 

1- 233 
•468 

2- 667 

Average .... 



None 

2-276 

Runcorn, near Alkali-Works . 

II II II 

April 28 to Sept. 30 . 
November 9 

None 

II 

•620 

1-660 



RAIN-WATER FROM GERMANY, 1869. 



’ The ratio of the average amounts of aci'^s. 



GERMAN RAIN. 


srs 


RAIN. TABLE CVIII. 
RAIN-WATER FROM GERMANY, 1869. 
AMMONU AND NITRIC ACID. 


Rain obtained from 

Date. 

Farts per MiUlou. 

1 


Kitric 

Add. 

Darmstadt .... 

February 

7-76 

•300 

8-894 

„ during a thunderstorm 

May 26 

1 

•076 

1112 

If • 1 . . 

Nov., Dec. . 

•80 

•060 

•482 

Zwingenberg, near Darmstadt . 

July . . 

•86 

•150* 

•370 

Heidelberg, Schlossberg 

June 16 (collected 

•40 

•087 

•370 


in a few hours) 




Giessen, top of Elinik building . 

Nov. to Dec. 

•70 

•070 

6116 

Average .... 

. 

1-91 

•122 

2-89 


RAIN. TABLE CIX. 
GERMAN RAIN-WATER, 1869. 
PERMANGANATE TEST. 


Rain obtained from 

Date. 

Parts by Weight. 
Oxygen required per 
Million Parts 
Rain. 

Instantly. 

In a few 
Minutes with 
Acid. 

Darmstadt • 

November, December . 

None 

•167 

Giessen, top of Elinik building 

If tf f 

If 

•247 

Average .... 



None 

•202 
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BAIN. 


CISTERN-WATER AND OTHER SPECIMENS COMPARED, 

1867. 

Since specimens have been given of rain from London 
collected without long exposure, 1869, and after long 
exposure, 1870, the latter in some respects approaching 
cistern rain-water, although not reaching it, we may with 
propriety look here at rain from various parts of Man- 
chester ; it will show how much one part of a town may 
differ from another. 


Acidity of Rain collected in Porcelain Veeeels^ 1857. 


Bain obtained from 

Acidity calculated 
as Sulphuric Acid 
(Anhydrous). 

Grains 

per 

Gallon. 

Grammes 

per 

Litre. 

Pendleton, NW. District of Manchester : 



"Wind blowing on the town . . . . 

•3169 

•0046 

Not directly from the town .... 

•8463 

•0120 

Wind touching outskirts of the town 

•8981 

•0128 

From town 

1-9018 

*0271 

From country 

— 

— 

All Saints: 



At All Saints’ Church 

1-2679 

•0181 

» i) ..... 

2-0076 

•0286 

For a short time 

7-3960 

•1066 

Then fell to 

2-1132 

•0301 

Next to 

2-1132 

*0301 

And lastly 

•8463 

•0120 

Ancoats : 



First Sample 

2*3246 

•0332 

Second 

1-0666 

•0160 

Third „ 

3-0112 

•0430 

Average 

2*0076 

•0286 

Maximum 

7-3960 

1 -1066 

Minimum 

•3169 

•0046 



MANCHESTER, 1857. 

Rain, — Cisterns in Pendleton^ Manchester^ 1857. 
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Rain obtained from 

Acidity calculated as 
Sulphuric Acid (Anhydrous). 

Grains per 
Gallon. 

Grammes per 
Litre. 

Cisterns in Pendleton : 






No. 1 . 




-3169 

•0046 

„ 2 . . . 




•2641 

•0037 

„ 3 . 




-3169 

•0046 

„ 4 . 




•6286 

•0076 

„ 6 . 




2-0076 

•0286 

„ 6 . 




3-3810 

•0483 

„ 7 . 




2-4304 

•0347 

„ 8 . 




2-1132 

•0301 

„ 9 . 




•6336 

•0090 

„10 . . . 




•7392 

•0106 

Average 

. 

. 

. 

1-2731 

•0181 

Maximum 



. 

3-3810 

•0483 

Minimum 

• 

• 

• 

•2641 

•0037 


Rain, — Lower Broughton, Manchester, 1867. 


Acidity calculated as 
Sulphuric Acid (Anhydrous). 

Grains per 

1 Grammes per 

Gallon. 

Litre. 

•4228 

•0060 

1-8130 

•0269 

1-3734 

•0196 

-63^36 

•0090 

1-1096 

•0168 

1-2162 

•0173 

1-6316 

•0218 


1-1670 

1-8130 

•4228 


-0166 

•0269 

•0060 


Rain obtained from 


Cisterns in I^ower Broughton : 


No, 


1 

2 

3 

4 
6 

6 . 
7 , 


Average 

Maximum 

Minimum 
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RAIN. 


Rain. — Hulme, Manchester, 1857. 


Rain obtained from 

Acidity calculated as 

1 Sulphuric Acid (Anhydrous). 

Grains per 
Gallon. 

Grammes per 
Litre. 

Cisterns in Ilulme : 

No. 1 

1*6373 

*0233 

9 

^ . . . . . 

1*3734 

*0196 

„ 3 . 

1*0905 

*0241 

„ 4 

1*7962 

*0256 

„ 6 

2*5886 

*0369 

„ 6 

1*4259 

•0203 

„ 7 

1*8130 

•0269 

„ 8 

1*6316 

•0218 

„ 9 

1*9018 

•0271 

„ 10 

1*4791 

•0211 

„ 11 

2*4879 

*0364 

.,,12 

1*7962 

•0256 

.,13 

2*1668 

•0809 

Average .... 

1*8221 

•0260 

Maximum .... 

2*6886 

•0369 

Minimum .... 

1*8734 

*0196 


Rain. — Salford, Manchester, 1857. 


Bain obtained from 


Cisterns in Salford : 


No. 

» 

V 

>9 

99 

99 

99 

99 

99 

99 

99 

99 

99 


1 . 
2 . 

3 . 

4 . 
6 . 
6 . 

7 . 

8 . 
9 . 

10 . 
11 . 
12 . 

13 . 

14 . 


Average 

Maximum 

Minimum 



Acidity calculated as 
Sulphuric Acid (Anhydrous). 


Grains per 

Grammes per 


1 Gallon. 

Litre. 

- 


*5285 

•0076 


*3169 

•0045 


2*6418 

*0377 


2*6943 

*0384 


*3169 

*0046 


1*3734 

•0196 


1*1096 

*0168 


1*1620 

•0166 


1*4791 

•0211 


1*0566 

•0160 


1*1620 

*0166 


1*2152 

•0173 


•6286 

*0076 


1-1088 

•0171 


2-6943 

•0384 

.1 *3169 1 

•0045 1 
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Rain. — Ardwicky ManchesteVy 1857. 


I 

c 

Kain obtained from 

♦ 

Acidity calculated as 
Sulphuric Acid (Anhydrous). 

Grains per 
GaUon. 

Grammes per 
Litre. 

Cisterns in Ardwick : 



No. 1 

1-2C79 . 

•0181 

,,2 

2*1132 

•0301 

n ^ 

1*2679 

•0181 

„ 4 

2*3772 

*0339 

Average .... 

1*7665 

•0261 

% 

Maximum .... 

2*3772 

•0339 

Minimum .... 

1*2679 

1 

*0181 

1 


Rain. — AncoatSy Mancliestery 1857. 


Kain obtained from 

1 

Acidity calculated as 1 

Sulphuric Acid (Anhydrous). 

Grains per 
Gallon. 

Grammes per 
Litre, 

Cisterns in Ancoals : 

No. 1 

2-1658 

•0309 / 

» 2 

1*4791 

•0211 / 

,, 3 

3*1696 

*0462 

,.4 ’ . 

2-1132 

*0301 

V 6 

1*2679 

*0181 

» 3 

1-4791 

•0211 

» 7 

8*6924 

*0613 

Average . . . . : 

2*1810 

*0311 

Maximum .... 

3*6924 

*0613 

j Minimum .... 

1 

1*2679 

•0181 
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KAIN, 


Bain, — Variations according with the presence of Chimneys^ 1857. 


Rain obtained from 

^ Acidity calculated as 

Sulphuric Acid (Anhydrous). 

Grains per 
Gallon. 

Grammes per 
Litre. 

Cistern, No. 1 

1*2(570 

•0181 

n w 2 V 

1*1096 

•0168 

>» « 3 

— 

— 

„ „ 4 , 

1-4269 

•0203 i 

1 

^ 

- 

1 

„ „ 6 . 

2*0(501 

*0294 

» , » 7 



„ „ 8 , . 

•7024 

*0113 

„ „ 9 . 

1*4791 

•0211 

Average .... 

1*3668 i 

*0194 

Maximum .... 

2*0601 

•0294 

Minimum .... 

•7924 

•0113 

Average for the whole 

1*5976 

•0228 


No, 1. 


• 

Hydrochloric Acid. 

Sulphuric Acid 
(Anhydrous). 

Total Acid. 

Pro^rtion 

Rain obtained from 

Grains 

per 

Gallon. 

Grammes 

per 

Litre, 

Grains 

I)or 

Gallon. 

Grammes 

per 

Litre 

Grains 

per 

Gallon. 

Grammes 

per 

Litre. 

cliloric to 
Sulphuric 
Acid. 

Cavendish Street, 
Manchester, J une 
8, 1851 

•3976 

•00668 

1-0752 

•01536 

1*4728 

•02104 

1 to 2-70 

Cavendish Street, 
Manchester, June 
9, 1851 

•5300 

•00767 

1*0762 

•01536 

1-6052 

•02293 

1 „ 2-03 

Moss-side, just out- 
side town, June 9, 
1861 

*8960 

•01280 

•8960 

•01280 

1-7920 

•02660 

1 » 1 
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MANCHESTER, 1868, 


Rain. — Manchester, 1868. 


Month. 

Hydrochloric Acia. 

Sulphuric Acid 
(Anhydrous). 

Total Acid. 

Proportion 
of Hydro- 
chloric to 
Sulphuric 
Acid. 

Grains 

per 

Gallon. 

Grammes 

per 

Litre. 

Grains 

per 

Gallon. 

Grammes 

per 

Litre. 

Groins 

per 

Gallon. 

Grammes 

per 

Litre. 

January 

•9002 

•01286 

4-0110 

•0573 

4-9112 


1 to 4-45 

February 

•9790 

•01398 

3-5224 

•0503 

gPifiiga 

-06428 

1 „ 3-59 

March . 

1-2775 

•01825 

3-1108 

•0444 

4-3883 

DjrjyjTjM 

1 M 2-43 

April . 

•8516 

•01216 

5-6000 

•0800 

6-4516 


1 „ 6-57 

May . . 

June . • J 

•8516 

•01216 

5-6000 

•0800 

6-4516 

-09216 

1 „ 6-57 

July . 















August 

•15096 

•00216 





1 to 9-27 

September . 

•02783 

•00039 


•0268 


1 „ 67-30 

October 

•73000 

•01043 




I „ 3-83 

November . 

•76650 

•01095 

Q Vy 

•0320 

3-00650 


1 » 2-92, 

December . 

•51100 

•00730 

B|| 



1 „ 5-48 
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AIR. 


AIK. 

SOLID BODIES IN THE AIR. 

That solid bodies are found in the air has at all known 
times been a part of the commonest information. Their 
existence has even been extended to all space, and worlds 
themselves have been theoretically made out of them. 
That they are an important part of the economy of 
nature we need not doubt ; they are partly inorganic, 
partly organic, and partly organised. These are found 
to a hurtful excess in some atmospheres, and in others 
thdy exist, we cannot doubt, in exactly the most useful 
amount. We have already seen that salts of soda and 
ammonia are found in the air. It is extremely probable 
that these are as solid particles ; indeed, we may feel 
certain. The beautiful discovery of Professor Tyndall, 
that the solid bodies affect or cause the distribution of 
light, is one of the many uses to which these still mys- 
terious agents have been applied. When these bodies 
are organic they plant their own peculiar vegetation or 
animal life over the earth, and affect men and animals 
sometimes for evil, producing, as we cannot doubt, various 
diseases. We shall probably learn that their usual effect 
is for good. As we rise high in the air on the mountain 
sides they diminish in quantity, showing that they 
gravitate like other bodies ; this was proved by Pasteur 
of organisms, and a friend of mine tells me that the 
animals on the high Alps are peculiarly attracted by salt, 
as if the height prevented the usual supply in the rains. 
One of the uses of storms seems to be to supply the 
world with salt. 

The history of this subject is a long one ; it would 
take us into early Greece and drag us slowly to Eome, 
and through many dark portions of the Middle Ages. It 



CRYSTALS FROM RAIN. 
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would even keep us wandering over all Asia and on 
towards the poles in the eastern and western worlds. 
It must not be written Here, but I cannot forbear giving 
the picture drawn by Lucretius ; it is wonderfully vivid. 
In another part will be given a quotation from Terentius 
Varro. Lucretius may be taken as a clear exponent of 
the existence of solid bodies in the air, and Varro of the 
belief in the organised character of some of them. For 
the present I shall be content with showing how old are 
the ideas. 

From the invisible atoms of Leucippus to the motes 
in the sun we have abundant mention of bodies in the 
air.^ Lucretius says : — 

Observe whenever the light of the sun pours its rays into 
the dark parts of houses ; you will sec in the very light of the 
rays many minute bodies in the empty space, mingled together 
ill many ways, and, as it w^ere, in perjietual conflict ; battles 
without pause, with many meetings and separatings, so that 
you may conjecture from this spectacle what is the quality of 
the tossing undergone by the primary particles of things in the 
great void. A small thing may serve as an example of great 
things, as the footsteps of knowledge. On this account it is 
more proper that you should give your attention to those bodies 
which seem to crowd confusedly in the sun’s rays, because such 
confusions point to secret and unseen mo vein cuts of matter. 
For you will sec many struck with unseen forces, changing 
their course, driven backwards, now to this and now to that, 
and finally in all directions. Doubtless this erratic motion 
arises from the primordial .'particles^ for the first Primordials 
are moved of themselves. — A little altered from the Transla- 
tion hij Rev, John Tilly Watsoji,^ Book II., lines 113-131. 

‘ See ‘ Organic Matter’ and ‘ Mnrslics.’ 

2 Conteniplator enim cum eolis lumina cunque 
Insertim fundurt radios per opaca domorum ; 

Multa minuta modis miiltis per Inane videbis 
Corpora misceri radiorum lumine in ipso ; 

Et velut eterno certamine proelia, pugnasque 
Edere turmatim certantia ; nec dare paugaui, 
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RAIK. 


CRYSTALS FROM RAIN. 

If the rain is found to contain isalts with solid bases, we 
may expect to find them conveniently by boiling down. 
This plan was adopted in many cases, and a few examples 
are given. I do not say that we can tell all the crystals 
that are to be seen, but sulphates and chlorides are 
striking. In the rain of Uist, in the Hebrides, we see 
the chloride of sodium (common salt) almost alone ; 
it stands out clear and distinct, and the crystals are 
larger than in the specimens from other places. 

In the rain of Manchester there is a confusion of 
crystals, because of the great number ; although sulphates 
are prominent, I do not see crystals of common salt. It 
would appear that a decomposition takes place ; chloride 
of sodium is decomposed by sulphate of ammonium, and 
the result is sulphate of soda and chloride of ammonium. 
This we expect to take place when the salts are boiled 
down, but it also takes place on spontaneous evaporation, 
and perhaps also in the air ; when sulphuric acid passes 
into the atmosphere in towns it probably seizes part of 
the sodium of the common salt in the same way, and so 
liberates hydrochloric acid — an alkali- work continually in 
action. We should then have that acid free in towns, 
arising simply from the combustion of coals, and not 
free sulphur acids only. Experience leads us to suppose 

Conciliis, et discidiis exercita crebris j 
Conjicere ut poseis ex hoc, Primordia rerum, 

Quale sit in magno jactari semper Inani ; 

Duntaxat rerum magnarum parva potest res 
Exemplare dare, et vestigia notitiai. 

Hoc etiam magis hmc animum te advertere par est 
Corpora quse in soils radiis turbare videntur : 

Quod tales turbro motus quoque material 
Significant clandestinos, caocosque snbesse. 

Miilta videbis enim plagis ibi percita csecis 
Commutare viam, retroque ropulsa reverti 
Nunc hue, nunc illuc, in cunctas denique partes ; 

Scilicet hie a Principiis est omnibus error ; 

Prima moventur enim per so Primordia rerum. 
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this possible, although we know that,' for complete 
decomposition of the common salt, considerable heat is 
required or excess of afiid. Hydrochloric acid is more 
destructive to mineral substances — siiicious stone, for 
example — than sulphuric, as I believe, and we have here 
a mode of forming it. 

Tlie Manchester rain has brown masses in it, consisting 
of oxide of iron in part and dust, consisting of coal-ashes, 
besides other substances which are organic (Fig. 1) ; 
when heated, so that the volatile matter is driven off, 
the remainder, soluble in water, deposits the crystals 
(Figs. 1 and 2). 

I do not know why the London rain should have 
presented such a mass of crystals ; they are more uniform 
in character tliau in the Manchester specimen, but less 
mixed with dust and rubbish ; the large brown flakes of 
oxide of iron are absent. A sublimate from the London 
as well as the Manchester rain was found to contain 
muriate of ammonia. (See Figs. 3 and 4.) 

The rain from Hewcastle-on-Tyne has a character of 
its own, and consists of many small and beautifully de- 
fined crystals of sulphate of soda (Fig. 6). Although that 
town is so near the sea, I am not sure that I observe -any 
common salt (Fig. 5). 

The crystals from Eow arc mixed, being partly sul- 
phate (Fig. 6). One of the proofs of a pure air seems, then, 
to be in the proportional amount of crystals of common 
salt. The nearer it is to the amount in oc.ean water, the 
less is the air tainted with decomposition. There must, ot 
course, be no artificial source of common salt to mislead us. 

Gernez has found sulphate of soda in the rain in 
Germany. 

To obtain these , specimens 200 cubic centimeters 
(about seven ounces) of rain-water were boiled down to 
the bulk of about one. One drop of this concentrated 
water was allowed to evaporate spontaneously on the 
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slide for the microscope. Although boiled down to tlie 
same amount of liquid, they would not be of the same 
amount of concentration. This fact would cause the 
crystallisation to be different and lead to another charac- 
teristic of the rains of towns. We can readily point out 
several classes, and it may happen that this will be a 
very convenient, and therefore favourite, way of showing 
the condition of a place. In cases of trials for nuisances, 
as well as general sanitary purposes, the crystals may be 
brought forward micrographically taken and magnified 
for printing. They could accompany a chemical ex- 
amination as well as the general microscopic examination 
of the substances in the rain before boiling down. These, 
of course, may be considerably affected by the boiling 
when they are organic in origin, and by the concentration 
when they are purely inorganic. 


ORGANIC MATTER IN THE AIR. 

Organic matter has been long known to exist in the 
air, but it has been so little examined till of late that 
its history is < not a very complex one. The part that 
has excited most attention is the existence of organised 
forms, and these again have been interesting, partly 
because their existence raised the question of sponta- 
neous generation. On another account, however, they 
have not been without attention, because of the prac- 
tical questions regarding the conveyance of disease and 
the commencement of putrefaction. It is only within 
a period equal to a human life that we have begun 
to picture to ourselves with any aid from science what 
is the structure of organic matter. Perhaps Anax- 
agoras, who thought that every substance was made up 
of particles of its own kind, believed that when wood 



ORGANIC MATTER IN AIR. 


385 


burned and disappeared into smoke it rose up into the 
air in the form of innumerable small particles, which 
still retained the character of wood ; when a piece of 
zinc is raised into vapour each particle is still zinc, 
although when it takes fire a new substance is formed — 
oxide of zinc. When water rises up in vapour each 
atom, or rather molecule, is still water. But organised 
bodies are formed of much,morc complex material ; they 
are destroyed by heat, and the complex molecide is broken 
up into others of a simpler kind, and no doctrine of 
homoiomereia can be carried out so far. Whole forests 
may burn, but not a particle of wood will of lUicessity 
be found in the air ; we have learnt that nature has a 
strange power of combining a few elements in such 
variety of methods that thousands of substances are pro- 
duced. It is perhaps the leal secret half seen by 
alchemists showing abundjint transmutations in the 
organic world, although we have failed to see analogous 
action with the metals themselves. It required little 
observation to find that organic substances pass into the 
air in some sense ; we see them on the ground, and in a 
short time they disappear. How can we question their 
presence in the atmosphere ? And yet men have conn,' 
to it slowly, the more thoughtful excejited. Pestilential 
vapours in the air are expre.ssious old and frequent, and 
the existence of fungi along with them, or signacula 
blood-spots and mould-.spoLs, will not be a new subject to 
those who have read Bascombe’s ‘ Epidemic Pestilences ’ 
and the careful work of Hecker, or even much more 
popular w'orks. I have several times in books and 
papers quoted Bishop Berkeley’s works as expressing in 
essence the most advanced opinions on the air. 

The words in Siris ,are (par. 140) : — 

‘ Nothing ferments, vegetates, or putrefies without air, 
which operates with all the virtues of the bodies in- 
cluded in it — that is, of all nature. . . . The air, therefore. 
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is an active mass of numberless different principles, the 
general sources of corruption and generation ; on the 
one hand dividing, abrading, and carrying off the particles 
of bodies — that is, corrupting or dissolving them — on the 
other producing new ones into being, destroying and 
bestowing forms without intermission.’ 

And in paragrai)li 141 he says : — 

‘ The seeds of things seem to be latent in the air, ready 
to pair and produce their kind whenever they light on a 
])roper matrix. The extremely small seeds of ferns, 
mosses, muslirooms, and some other plants are concealed 
and wafted about in the air, every part whereof seems 
replete with seeds of one kind or other. The whole 
atmosphere seems alive. There is everywhere acid to 
corrode and seed to engender. Iron Avill rust and mould 
will grow in all places.’ 

Having seen this idea expressed in its greatest breadth 
by one who thought carefully, but without experin\ent, 
it would be well to make a little addition by showing 
the results obtained by men of a very different habit, 
who preferred to limit their thoughts by their own tests. 

The tendency of enquiry in modern times has been to 
establish a very ancient belief, that decomposing sub- 
stances, aninjal and vegetable, produce disease, and are 
ultimately connected with infection and contagion. This 
result may be said to be the summary of all that has 
been done by the General Board of Health and Sanitary 
Commissioners of late years. It is true that some persons 
object to these conclusions, and there are even many 
who have attempted to prove that the gases from decom- 
posing substances are beneficial to health. The fancies 
or superstitions of the population have somewhat as- 
sisted this latter retrograde idea,- and we find some 
delighting in putrid canals and rivers, others admiring the 
gases from brick-kilns, and others again those from 
accumulations of farmyard manure. The pressure of 
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experience, however, is so strong tliat these ideas will 
probably soon vanish. It has often been asked. Will a 
sewer produce cholera, or plague, or cattle disease ? 
We cannot say so, or that every kind of disease may be 
])roduced from such accumulations of organic matter. 
A few centuries back we, perhaps, had anived at such 
progress in filthiness of habits that we attained the dignity 
of producing e])idemics amongst ourselves. The great 
epidemics that have passed in modern times over Eurojjc 
seem, however, to have come from some extraneous source, 
to act as if planted by seed, and not to have risen up 
spontaneously here. Without attempting to examine 
this matter carefully the result would seem to bo, that 
whilst the decomposition of organised beings aftor death 
produces gases and vapours that are o])posed to health, 
these gases or vapours are incapable of originating, al- 
though they may be capable of feeding, those diseases, 
such as cholera or plague, which have been observed at 
all times to come from a warmer climate. There must, 
however, be some first origin of these diseases, and we 
cannot prove that the first origin might not take place 
in our climate, although it seems probable that it requires 
a warmer sun and perhaps a long period of development 
besides. This, however, is sufiiciently made out — that, 
when these diseases do come amongst us, they take 
root with most eflect in those places where decomposing 
matter is found. If we were to suppose one of the seeds 
planted in a rich, fertile soil of decomposing matter, we 
should have a pretty fair description of the fostering 
effect of impurity on disease. It would, in fact, appear as 
if the putrid matter itself took the disease and transferred 
it to the living. There seems to be nothing entirely op- 
posed to this view of the case. The question, however, 
is, and has always been. What is the nature of that 
substance which may be said to form the beginning of 
the disease? Chemists have been inclined to consider 

c c 2 
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it a substance in process of decay, as the quotation from 
Liebig elsewhere given shows. Physiologists and micro- 
Bcopists have been more incline'd to consider it as an 
organised substance. When Gay-Lussac passed a bubble 
of air into the juice of grapes, and found that fermenta- 
tion began at once, it was believed that the oxygen was 
the prime mover, and that, when once begun, tlie action 
did not cease. When, however, Dusch and Schroeder 
found that flesh did not decompose if the air were pre- 
viously passed through a good filter of cotton wool, some 
difficulty was thrown on the subject. It would appear 
as if oxygen were not the only agent in the atmosphere 
causing decomposition. The investigations of M. Pasteur, 
who found the subject in this uncertain condition, have 
advanced it so far that we may now with certainty reason 
in the belief that not only are organised substances really 
found in great abundance in the atmosphere, but that 
they are the cause of some hitherto entirely mysterious 
phenomena, putrefaction included. Ilis object was first 
to enquire into the possibility of spontaneous generation, 
and he found that carefully filtered air allowed no or- 
ganisms to appear in vegetable solutions. He found 
that near the usual surface of the ground these organisms 
were so numerous that, whenever a vessel containing 
vegetable matter fit for their growth was opened for a 
very short time, they were found to enter, that in cellars 
and damp and quiet places, where there was no air or 
dust floating about, these organisms were fewer, and 
that, as he ascended the sides of the Alps and the Jura, 
they diminished in number. A commission of the French 
Academy confirmed his results. If we examine previous 
enquiries into the compounds resulting from the decom- 
position of organic substances, we shall find nothing 
which is at all calculated to bring out such an intelligible 
rational view of the origin of many diseases, and also of 
Borne phases of putrefaction. Chemists, when they have 
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examined products of the latter action, have found sul- 
phuretted hydrogen, carburetted hydrogen, hydrogen, 
carbonic acid, nitrogen, ammonia, acetic acid, lactic acid, 
butyric acid, and numerous uncertain bodies having no 
activity, and, to all appearance, utterly incapable of pro- 
ducing those prodigious resxdts that are found when that 
force begins to work which produces plague, small-pox, 
or black death. 

Sulphuretted hydrogen, itself one of the most deadly 
of gases, has not been known to produce instantly any 
disease. It cannot, in fact, be said in any way to be 
similar to an infection. It may lower the tone of health, 
and it docs so, and it may gradually diminish vitality 
to such an extent that disease ensues ; or, if it is.in very 
groat quantity, it may kill as suddenly as a cannon shot ; 
but it never can for a moment be compared with the in- 
fectious raattei- of smallpox or of scarlet fever. Chemists 
much in a laboratory are exposed to it daily ; sometifnes 
in considerable quantities, and the result has been as 
stated. The same may be said more or less of all sub- 
stances found by chemists as the result of putrefying 
matter. It is not here asserted that these gases are not 
unwholesome, for their unwholesomeness is more or less, 
beginning with sulphuretted hydrogen, which is already 
said to be so deadly ; but it is extremely important to 
distinguish them from those hitherto and still mysterious 
substances which convey infection. The question is 
quite open. Is the cause of disease an organic substance 
in the process of decomposition conveying that decom- 
position to another body, or is it an organised germ? 
[Of the substances found to be the products of putrefac- 
tion and passing into the air, only a very small part 
seems to be active — that is, in a state of change. It may 
be collected by alkalies, and also by porous bodies. 
Gases and acids are not of themselves bodies in active 
chemical change, neither are they organised.] 
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The two great theories may be called Liebig’s and 
Pasteur’s ; the first, Liebig’s, dealing with organic de- 
composing matter ready to communicate its action by 
its own activity. That this idea has a sound scientific 
basis will to a great extent be admitted. I am disposed 
to think it quite undeniable at present, but not as an 
explanation of ])utrofaction or fermentation. The second, 
that of Pasteur’s, leads to organised bodies or germs, and, 
although lie is also in the position of not having origi- 
nated the idea, the clearest proof and expression is due 
to him. He does seem to have retained firm hold of a 
part of the battle-ground gained from chemistry. There 
is probably a point whore the organic and organised touch 
so nearly as to be difficult to distinguish ; but here the 
distinction between the two is very real, and the point of 
contact is still to be sought.' 

Having observed that the breath contained organic 
matter, and that the emanat ions from crowds of persons 
were found, when condensed on the walls, to contain largo 
quantities, I published the somewhat rude experiments 
in the ‘Memoirs of the Chemical Society’ for 1846. 
The experiments wore considered new, but I think that, 
if the previous works of chemists were examined, it 
would be found that the spirit at any rate was not new. 

‘ The ® air has often been called a general receptacle for 
all impurity ; nature has made it a universal purifier by 
giving it so large an amount of free oxygen. It is 
oxygen which purifies, and bodies which are impure 
have a tendency to oxidise, after which they become 
pure. No doubt the air of a town contains a portion of 
all exhalations which arise in a town. These are such 
as come from living bodies in the first instance — ex- 
halations which can never be got rid of, but which it is 
probable are not at all dangerous unless accumulated. 

* ^Report to the Royal Commission on the Cattle Plague/ 

* From the ' Reports of the British Association/ 1848, p. 17. 
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. . . ‘ That animals constantly give out a quantity of solid 
organic matter from the lungs may readily be proved by 
breathing through a tube into a bottle, when the liquid, 
or condensed breath, will be collected at the bottom of tlie 
bottle ; or by breathing through a tube into water, when 
a solution of the same substance will be found in the 
water. This would scai’cely require proof if we con- 
sidered that breath so frequently has an organic smell ; 
perhaps, rather, it always has an organic smell, and when 
it is bad the smell is often offensive, containing decom- 
posing organic matter. If this condensed breath be j)ut 
on a piece of platinum, or on a piece of white poi'celain, 
and burnt, the charcoal which remains and the smell of 
organic matter will be conclusive'. If it be allowed to 
stand for a few days (about a week is enough), it will 
then show itself more decidedly by becoming tin; abode 
of small animals. These are rather to be styled animal- 
cules, and very small ones certainly, uidess a considerable 
quantity of liquid be obtained ; they may be secai with a 
good microscope. Animalcules are now generally be- 
lieved to come from the atmosphere, and to d(!posit 
themselves on convenient feeding-places — that is, they 
only appear where there is food or materials I'or their 
growth — and they prove, of course, tho existence of 
that continuation of elements nev^essaiy for oiganic life. 
At the same time their presence is a proof of de- 
composing matter, as their production is one of the 
various ways in which organised structure may be broken 
up. Such a liquid must, of course, be an injurious sub- 
stance, giving out constantly vapours of an unwhole- 
some kind. 

‘ I mentioned some time ago that I had got a quantity 
of organic matter from the windows of a crowded room, 
and I have since frequently repeated the experiment. 
This matter condenses on the glass and walls in cold 
weather, and may be taken up by means of a pipette. 



392 


AIR. 


If allowed to stand some lime, it forms a thick, appa- 
rently glutinous mass ; but, wlnjn this is examined by a 
microscope, it is seen to be a closely-matted confervoid 
growth, or, in other words, the organic matter is con- 
verted into confervie, as it probably would have been 
convertcvl into any kind of vegetation that hap])ened to 
take root. Between the stalks of these confervm arc to 
be seen a number of greenish globules constantly moving 
about, various s|iecies of Volvox accompanied also by 
monads many times sinalh.-r. When this happens the 
scene is certainly lively and the sight beautiful; but, 
before this occurs, the odour of perspiration may be 
distinctly pei’ceived, especially if the vessel containing the 
liquid bo placed in boiling water. 

‘If air be passed through water, a certain amount of 
this material is obtained, but I have found it difficult to 
pass a sufficient quantity through. If it is made to pass 
rapidly, absorption does not take place, and eva])oration 
of the water is the consequence ; if it passes slowly, it 
requires many weeks to pass a hundred cubic feet through 
a small qviautity of water. I continued the experiment 
for three months, but although I obtained sulphuric acid, 
chlorine, and a substance resembling impure albumin, I 
did not get enough to make a complete examination ; 
and, indeed, this could not be expected, as I found that 
in that time less than a thousand gallons of air had 
passed through. 

‘ When this exhalation from animals is condensed on 
a cold body, it in course of time dries up, and leaves a 
somewhat glutinous organic plaster ; we often see a sub- 
stance of this natiu’c on the furniture of dirty houses, and 
in this case there is always a disagreeable smell per- 
ceptible. I have no doubt that this is a great cause of 
the necessity for constant cleaning, which experience 
has found and made to be a very general practice in 
England and elsewhere. In other word.s, it is a reason 
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why that which is not cleaned becomes dirty, a question 
wliich I have often felt great difficulty in answering. 

‘ Water is necessary to the spontaneous decomposition 
of animal matter, and it is probable tliat in a warm 
climate this coating of Avails and furniture would not be 
so dangerous as with us, Avhere eveiything is exposed to 
moisture a considerable part of the year. In a warmer 
climate it will probably be diffiised more into the 
atmosphere, and not be so much retained as it is by tlio 
moisture which dissolves it or to whicli it attaclies itself. 
It Avill probably bo found that this substance is not 
poisonous if taken into the stomach, but it is known to 
be poison breathed into the lungs, sis Ave know tlie air 
of crowded rooms to be. The quantity is small that avc do 
breathe ; but, at the same time, we must remember that it 
is diffused in air, and has therefore a surface as extended 
as the A'olume of the air in all jn’obability ; and we 
know that a cubic inch of sulphuretted hydrogen Avill 
scent at least some hundred cubic feet of air. 

‘ As this substance of Avhich Ave speak is organic and 
contains carbon, hydrogen, and nitrogen, with other 
elements, it is capable of oxidation, and it no doubt is 
continually undergoing oxidation in the air, probably 
forming carbonic acid, water, and ammonia It is also 
not unlikely that this is a greater source of the ammonia 
of the atmosphere than the mere fetid decomposition of 
animal matters, which docs not occur to a large extent in 
nature, provision being made for its removal by animals, 
and by vegetation especially. 

‘ Organic matter in contact with water constantly gives 
off an odour of some kind, and especially if heated, so 
that it would appear as if steam or vapour were capable 
of taking up much more than that Avhich we call volatile 
matter. 

‘ If organic matter be allowed to decompose in the 
air, it gives out carbonic acid, ammonia, sulphuretted 
hydrogen, and probably other gases. Priestley has 
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shown that, if it decomposes in water, it gives out an 
inflammable gas. If, however, it be exposed to the 
action of soil, other circumstances being favourable, it is 
converted partly into nitric acid. 

‘ None of these cases occur purely in our towns, but all 
of them occur to some extent. Carbonic acid and am- 
monia occur in all reservoirs of refuse, and sulphuretted 
hydrogen occurs also in abundance. It was once very 
perceptible in London, as Sir Kenelm Digby complains 
much of the state of the streets, when silver could not be 
kept clean in his day. This may be observed now in 
many towns, and is, in fact, not uncommon. This is a 
disagreeable smelling gas, and, wherever it is abundant, 
will be. easily detected by the nose. It may be detected 
readily in many courts and alleys, also at the mouths of 
sewers, and in some parts of the Irvvell and Medlock at 
Manchester, where they are filled with organic matter 
and alkaline and earthy salts. Ammonia generally 
accompanies it, so as to diminish its bad effects. 

‘Ammonia itself is probably of no injury unless in 
excessive quantities, and may be considered as one of the 
most wholesome forms in which nitrogen and hydrogen, 
as gases, pass into the air. A decomposition such as this 
occurs ordinarily in towns, as there is a certain exposure 
to air always. 

‘ In cases where there is no exposure, or at least when 
the substance is in Avater, inflammable gases are pro- 
duced, as Priestley has shown and Liebig (I might say 
fully) explained. 

‘ It would seem as if, when decomposition commenced, 
oxidation of one portion necessarily took place, leaving 
the other portions without oxygen, unless in cases where 
an abundance could be obtained. Dalton found the gas 
from the floating island at Derwentwater to contain 
carburetted hydrogen and nitrogen. The carbon and the 
hydrogen are deprived of oxygen entirely, whilst more 
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oxidised bodies, as carbonic acid and humus, are left, the 
latter body to be in time entirely oxidised, as Liebig has 
shown. Whether the ‘nitrogen comes off alone or as 
ammonia, the same division of a substance into oxidised 
and deoxidised occurs, as we see in the fermentation of 
sugar, where carbonic acid, a body oxidised, and alcohol, 
a body to a great extent deoxidised, occur. We have only 
to sup[)ose compounds of carbon, hydrogen, and nitrogen 
coming from decomposing matter, to sliow us the great 
danger. It is not to be trusted that these bodies always 
appear in tlie mode of combination mentioned here ; 
their modes of combining are various, and these elements 
form the most active poisons known to us. 

‘ A certain amount of moisture is almost essential to tlie 
escape of odour from many bodies. It probably arises 
from two causes. The vapour of water is a veliicle for 
organic matter, and water favours decomposition in 
bodies, so that as they decompose the vapour is given 
out. From whatever cause, it will be found tliat mois- 
ture rapidly facilitates the escape of odour. Mine- 
ralogists avail themselves of this when they breathe on 
a mineral and then ascertain the smell. The moisture 
of an evening, or even artificial moisture, causes the 
flowers to give their scents, and the moist state of the 
atmosphere before or after a shower causes also a great 
fragrance in a flower garden. But, whilst this is caused, 
the same laws are operating for injurious effects wher- 
ever there is a reservoir of putrid matter ; for then the 
exhalations are also abundant, and bubbles may be seen 
to rise from filthy water. It is not improbable that the 
state of the atmospheric pressure may cause this, as 
Mr. E. W. Binney has shown that the gases in coal- 
pits are caused to escape rapidly during a lowering of the 
barometer. Bodies that are moist will therefore give out 
more organic vapours ; if there be abundance of water, 
as in a lake, the vapours would to a great extent be dis- 
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solved, even if the same kind of decomposition were to 
proceed as in merely moist or marshy ground. We 
might expect then that soil, if moist, will give out, not 
pure vaj>our of water, but water with organic matter in 
it. Wet soil is a little acid generally, and if very acid 
is bad land — sour, as it is called — but if made alkaline 
either by the direct adding of ammonia or by decom- 
position producing ammonia, it becomes fertile. If any 
alkali be added, which gives out ammonia by decom- 
posing the humate of ammonia in the ground, the same 
state of fertility is attained. Tliis end is generally at- 
tained by adding lime. This state of almost neutrality of 
the soil is also regulated by nature, and a fertile alka- 
linity is‘ obtained by the rapid decomposition of organic 
matter through moisture and heat. In this alkaline and 
warm state more vapours will of course be given off, and 
the ammonia will assist in the removing of organic 
matter into the air. How far this occurs on sowed land 
has not yet been seen by me satisfactorily ; but on peat 
land the ammonia formed is abundant in hot weather, 
so much so as to be perceptible directly by the senses, (?) 
and to take with it in solution a large quantity of humus 
and salts of humus, containing food for plants, as I 
showed in a paper to the Philosophical Society of 
Manchester. I mention this to show how organic matter 
may be lifted into the air, and why hot weather pro- 
motes it ; also I wish to show how various this matter 
must be in its properties, as all vegetable solutions give 
out a certain amount of matter from them. To ascertain 
if organic matter were really to be got from such vapours 
from land, I collected some dew by condensing it on a 
glass cylinder, and allowing it to drop into a glass below. 
The fewness of the evenings favourable for the purpose 
this year has of course retarded me. I saw plainly, 
however, that the substance thus obtained from tlie dew 
was very different fi'om that obtained by condensation in 
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a wiu'm room ; whereas that from a crowded room Avas 
thick, oily, and smelling of perspiration, capable of de- 
composition and productive of animalcules and con- 
fervas ; the dew was beautifully clear and limpid. When 
boiled down the odour was not disagreeable, and I may 
say not remarkable ; but, when the small portion of 
solid matter which remained dissolved in it was exposed 
to heat, the smell was that of vegetable matter with very 
little trace of any nitrogenised substance. It was also 
rather agreeable than otherwise. The dew was col- 
lected in a flower-garden, and I have no doubt, in favour- 
able weather, of being able, in dissimilar situations, to 
get it of diflerent characters. It is not improbable that 
tlie matter in the dew may be a measure of the amount 
m the atmosphere ; if so, the decided diflerence between 
that of the country and that of crowded rooms is to be 
remarked, and may probably form a good guide towards 
a knowledge of comparative purity of atmosphere. 

‘ In walking along the fields on an evening, when there 
is much dew, it may be obsei'ved how much effect a dry 
soil has ; indeed, I might almost say the climate of a 
field will be found to vary almost every yard. Every 
cause of cold, the formation of a drain, tlie lowness of 
any spot, its being higher or more level or more sheltered, 
is indicated by this delicate thez’inoineter, the rise of 
vapour and the perception of cold. If we ascend higJier, 
the same is seen on a larger scale, on miles instead of 
yards. A house may be in a clear atmospliere and the 
lawn before it in an impenetrable fog. One foot in 
height makes a difference, and one foot also of level 
distance, if the ground should differ in quality. The 
damper places give us a feeling of freshness, and cause 
also a slight irritation of the nose. Every wall causes a 
certain amount of dampness, and even in a windy day 
a leafless hedge will protect one side from evaporation. 
In these respects, therefore, we may say truly, that every 
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field or house in the country, as well as, I believe, every 
house in the town, has its own peculiar climate. 


‘ But the most curious point is the fact that organic 
matter is never absent, although the rain be continued 
for whole days. This matter is capable of promoting 
animalcular life to some extent, and small specimens 
may be seen moving solitary in it. If allowed to stand 
in a bottle, this may be more clearly detected. On this 
matter I must say more at a future time. 

‘ My chief wish is to show that the general notions 
entertained by persons as to the air of towns are not 
without the support of what is called scientific observa- 
tion, although at the same time the effects on life are 
greater than chemists by any observations could have 
made out. 

‘ Vogel and others have found organic matter in the 
atmosphere ; and Dr. Southwood Smith, in looking for 
matter which might produce fever, found an organic 
substance, I believe, in some of the streets of London. 
I give in detail only what I have myself observed. 

‘ If this matter should, from any cause, be exposed to 
a decomposition more rapid than usual, we have before 
us a state of things worse, because more general, than a 
bad sewer, and which can account for many diseases. I 
am therefore disposed to think of it as Lord Bacon 
thought of the cause of jail-fevers. “ Out of question such 
smells consist of man’s flesh or sweat putrefied. There 
may be great danger of such compositions in great 
meetings of people within houses, for poisoning of air 
is no less dangerous than poisoning of water. And 
these empoisonments of air are .more dangerous in 
meetings of people, because the much breath of people 
doth further the reception of the infection.” — ^Bacon’s 
S^lca Silvarum' 
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EXPERIMENTS TO FIND THE AMOUNT OF ORGANIC 
MATTER IN THE AIR. 

I shall begin with nay first method of determining tlie 
amount of oxidisable matter in the air, not concealing 
the fact that it has not been found sufficiently practical, 
and not at all forgetting that Mr. Condy also used per- 
manganate. That gentleman has done so much with the 
salt, that I do not doubt that he acted quite independ- 
ently. I can take little credit at best, as my work was 
merely an application, and I am quite willing to do with- 
out any, preferring to give it to Forchammer, who first 
made use of the deoxidising power of permanganate. 
Now this property has become one of the most useful 
in. the daily work of the laboratory for various purposes. 
The method for the air turned out to be correct, but 
its mode of application never pleased me much. The 
difficulty was mechanical ; it is not easy to cause a 
measured quantity of air to come in fiill contact with a 
certain amount of liquid. I gave up using it, but now 
have the pleasure of returning to it witli more favour, 
by making a few improvements. Some day it will be 
further improved. The following description is taken 
from the ‘ Keport on the Air of Mines,’ 186*4. 

Permanganate Test. 

The organic matter has been a subject of great search, 
and it has escaped the observation generally. Vogel and 
Boussingault chiefly have laboured on the subject, and 
proved the existence of dissolved matter in crowded 
rooms and in unwholesome swamps. Some years ago I 
published some enquiries which excited great interest. 
It was desired that the process recommended at the same 
time should become so easy that everyone could use it 
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as easily as a thei momcter. I have not been able to 
reduce it to that simplicity for all cases, but shall here 
endeavour to show exactly how- far the plan is capable 
of popular use. 

i'orchammer first used permanganate of potash to 
test the organic matter in water. I had occasion to use 
this salt, or mineral chameleon, in the laboratory ; and it 
struck me as very remarkable tliat, whilst the solution 
remained unchanged for a long time in a bottle, a thin 
stratum exposed to the air became brown in a few minutes. 
I breathed mion it, and it became brown more rapidly. 
This seemed to give the clue to the cause of the decom- 
position which the permanganate underwent in the 
atmosphere. The result was exactly that which occurs 
when we attempt to filter the salt through paper. The 
pajier decomposes it instantly. 

The next attempt was to obtain results from pure and 
impure air, and these were so decidedly dilTerent* that a 
means of measurement seemed to be attained. 

The apparatus used was very simple ; it was merely a 
bottle of the capacity of 100 cubic inches. A very weak 
solution of permanganate was made; but even a very 
weak solution gives a very strong colour. A small burette 
holding 100 grains was filled with the solution of per- 
manganate. The air was pumped out of the bottle, 
leaving the mouth open, so that the air of the place 
streamed in, and the stopper was put on. This stopper 
was of caoutchouc, perforated with two holes ; one to 
allow a tube to enter, through which the permanganate 
was poured into the bottle ; another to allow, at the same 
time, a corresponding amount of air to pass out. 

The liquid was poured into the bottle, and allowed 
to roll round the sides. It seemed to me that no im- 
provement was obtained by allowing more than ten 
minutes for this. A small quantity was used at first ; 
the colour was instantly removed ; a small quantity more 
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was added, and so on until the colour I'einained per- 
manent, showing that the air contained no unwe of the 
material fit for decomj)osiug permanganate. ' 

' Before making this public I liad made above 300 
experiments. Of these, however, few only were pub- 
lished. They were given in a lecture at the Koyal 
Institution soon after 1858. At that time I used oxalic 
acid to try tlic strength of the solutions ; but oxalic acid 
is not a very sharp test, and I doubt if all the results are 
so definite as might be wished ; but as a scientific fact, 
and a mode of showing the existence of organic matter 
in the air, the plan was sufficiently explained 

In trying the experiments in town and country, how- 
ever, there was a difference given which could not easily 
be dealt with. The town air always required more per- 
manganate : and no wonder ; this was in reality due, to 
some extent, to sulphurous acid from the burning of 
coals. This might be mistaken for organic matter ; and 
could this mode of testing show the difference? It could 
not readily show it, but, when it is carefully observed, it 
is seen that the sulphurous acid of towns acts instan- 
taneously. The sulphuretted hydrogen of putrid gases 
acts also instantaneously, but the organic matter acts 
slowly. Still the organic matter does act. , 

The following table will give a fair .specimen of the 
figures obtained ; I need not here record them all. I 
certainly was not satisfied Avith the apparatus used, and 
endeavoured to obtain better results by means of an 
aspirator ; that is, by driving the air through a solution 
through which it might bubble. The experiments made 
in this way were satisfactory in a scientific point of view, 
as may be seen below, proving the same points ; but an 
aspirator is not generally applicable. 

It was for tlie reasons found here tliat, in spite of many 
requests, I have never seen it proper to let it go forward 
as a popular apparatus. So far jis putrefying matter or 

to D 
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sewer matter is concerned, as well as the sulphurous acid 
of coal smoke, the action is so rapid that anyone may use 
the plan ; but, when organic 'matters purely are con- 
cerned, it frequently requires much patience, and some of 
that peculiar form of discretion which can only come 
with some knowledge of chemistry. 

The following were made with the burette in a bottle 
of the capacity of 100 cubic inches. The number of 
grains of the solution of permanganate decolorised by 
100 cubic inches of air is given in the last column, and 
the comparative amount of oxidisable matter is thereby 
seen. The bellows-piunp used to remove the air from 
the bottle is figured with Pettenkofer’s apparatus. 


Grains of Sohition of Permamjamte of Potash, Decomposed hy equal 
Quantities of Air, The last Column gives the Comparative Amount 
of OxUlisahle Matter in the Air,^ 


Place. 

Date, 

1858. 

0 

Tempo- 

raturo. 

Grains of 
Solution of 
Permanganate 
used. 




Fahr. 


London : 





Wellington Street . 


July 1.3 

o 

O 

45 

„ higher up . 



yy 

26 

Waterloo Steps 




42 

Blackfriars, in the street 




26 

Southwark Bridge (at river) . 


yy 

yy 

66 

Street near the same bridge . 


yy 

yy 

22 

A little distance from river . 


yy 

yy 

22 

Street near Fetter Lane 


yy 

ir 

30 

Fenchurch Street Station 


yy 

18 

Lough ton (in Epping Forest, on the hill) . i 

yy 

yy 

10 

„ inside a house . 


ff 

69° 

18 

Camden Square .... 


yy 

72° 

26 

• 


yy 

*y 

26 

Sixty miles from Yarmouth, at sea 


Aug. 1 

69-6° 

3-6 

tlospice St. Bernard in a mist . 



— 

2-8 

Lake Lucerne in middle-evening 


— 

— 

1*4 


^ This comparative amount having been mistaken for an actual amount, 
I must call attention to the fact that no actual quantity is attempted to be 
given in the table. 
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Grains of Solution of Permanganate of Potash, Decomposed by equal 
Quantities of Air — continued. 


Placo. 

Date, 

1868. 

drains of 
Solution of 
Permanganate 
used. 

All Saints. Manchester .... 

June 22 

40 


,, .... 

ff 

40 

)) 

„ inside laboratory . 

ff 

48 

ti 

„ outside „ 

ff 

40 


M ff ff 

ff 

S7 

Air drawn from a piff-stye 

^ ff 

70 

All Saints, 

Manchester .... 

June 21, 

28 



eyeninp: 


)} 

ff .... 

June ^ 22, 

36 



morninp: 


ff 

„ inside laboratory . 

Juno 23, 

34 



morning 


tf 

ff outside „ 

ff 

30 




20 


ff ff ff 

ff ff ff 

Evening 

15 

Pig-stye . 


ff 

03 

1 


It is needless to quote more from this early paper, as 
the method used was imperfect, and the results therefore 
not to be considered quite right, however correct the 
principle. 

A very much larger vessel than here used would make 
the test sharper, but there is a great objectfon to bulky 
apparatus. 

A better mode of conveying the test into the bottle 
was devised — a tube passing through the stopper was 
furnished with an elastic ball. The stopper and ball are 
taken out, the ball is pressed, and the point dipped into 
the permanganate. The ball is then allowed to expand, 
and the liquid rises. The taps are then closed, and the 
stopper put on. When the liquid is to be added to the 
bottle, the taps are opened and the ball pressed; by 
this means any amount may be passed into the bottle 
without contact of air. If there is a graduated tube con- 
nected with the ball, the amount may be read off there. 
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In this way we may work with very small quantities 
of liquid and of air. 

The method of preparing the liquid and testing it need 
not be given in detail, as I doubt if any but chemists could 
manage it. 

From the late experiments one cubic centimeter of a 
solution of permanganate is made equal to '00225 
grammes of metallic iron. A strong solution is pre- 
pared and tested, then diluted to the proper amount. 
The dilution must take place with veiy pure water. 
The best water is got by distilling deep well-water, or 
else by allowing some to stand with a considerable 
amount of permanganate of potash for a night and then 
distilling it. (To this ought to be added caustic soda, 
and the ebullition continued for a while, as in Wanklyn’s 
process.) The solution must remain clear with some 
purple in it, and must not become red. 

I have made some solution very pure by weighing 
out a crystal of permanganate and adding water to it, 
but, on the whole, I prefer to begin with manganate, 
the green salt. By adding water to this, it becomes 
reddisli or purple. 

The solution of a crystal was used in the following 
experiments ^ — 

Organic and other Oxidisable Matter in the Air. 

5 cub. cent. (77'20 grains) of the permanganate were 
used, and air passed through it. 

1 cub. cent., tested with protosalt of iron= '00225 iron, 
or '00032 oxygen. 
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Place 

Air passed through 
Solution. 



Litres. 

Cubic Feet 


Air on the hills near Buxton . 

Above 90 

Above 3J 

1 

At the laboratory 

04*750 

2*280 

2 

ff . . . . . 

01*680 

2*178 

3 

» )} % . . . . 

01*080 

2*178 

4 

ff . . . . . 

07*848 

2*390 

6 

j, ..... 

00-300 

2*341 

0 

)} }} ..... 

04*750 

2*280 

7 

M )» ..... 

04*750 

2*280 

8 

>1 V ..... 

00*300 

2*341 

9 

if 1) ..... 

07*848 

2*390 

10 

if if ..... 

06*521 

2*313 


Mean at Manchester .... 

C5143 

. 2-300 

Ist 

In the lead chamber after three persons 
had remained about two hours 

40*200 

1*033 

2nd 

Do 

49*344 

1-742 

3rd 

Do 

43-170 

1*524 


Mean 

40*200 

1*033 


Human breath 

44*718 

1*679 


if a ..... 

47*802 

1*088 


Mean 

40*200 

1*633 


Air from a midden 

52*428 

1*861 


ft ft ..... 

57*054 

2*014 


ft ft 

47*402 

1*674 


Mean 

62-294 

1*846 


In lead chamber with vapour of gun- 
powder 

43*176 

1*624 


The amounts here are not exactly the same as in ray 
former experiments, made six years ago (writing in 1863). 
The earlier were made with an alkaline salt, the latter 
with a pure permanganate. It seems to me that the 
former is the most sensitive, and for the following 
reason : — 
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When acid, whether carbonic or any other acid is 
added to the manganate, it becomes red, and the air 
which is passed through it, giving up its carbonic acid, 
causes this redness. When the change once begins 
it more readily goes forward. The solution is still more 
easily decomposed when sulphuric acid is added to it, 
although another cause seems then to act ; that is, the 
sulphuric acid assists in retaining and decomposing the 
organic substances. 

There may also be some other causes which affect the 
decomposition of the manganate. Sometimes it is very 
easily reduced ; sometimes otherwise ; so that I fear we 
have to deal either with a variable substance or with 
very variable conditions. The latter is the more pro- 
bable, and, at any rate, the causes of a change are very 
numerous. As a rule, however, the amount of organic 
or other oxidisable matter in the air ought to be so sm.dl 
that, with 5 cubic centimeters (77 grains) of the solution, 
it will require nearly four cubic feet to remove the colour 
when tlie air is caused to bubble through, and if less 
removes it the air is not the purest. Sometimes, as in the 
ca.so of putrcfa<!ti\ e matter, or of sulphuretted hydrogen, 
a few score cubic inches will be enough, in very bad air 
still less. In. no case, however, will these experiments 
be complete with such a small quantity of air as 100 
cubic inches, unless the liquid is shaken in the bottle, or 
made to roll round its sides. In that case, as it will be 
seen, much less liquid was used, as well as much less 
air. 

It is fatiguing to roll the bottle about in the hand, and 
I confess my patience was far too much tried to continue 
further, and my assistants became tired also. I proposed, 
therefore, the use of a flexible aspirator — an instrument 
since found of the greatest value for many experiments. 
It is composed of caoutchouc cloth. It will draw air into 
itself through a solution, and with such regularity that. 
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even if left alone for two hours, it will be found not to 
have varied its pace. With water aspirators, as gene- 
rally made, a variation is continually taking place. The 
amount passed by the flexible aspirator is measured by 
the fall of the lower and loose end. My earlier ex- 
peiimeuts were more accurately measured ; viz., by 
passing the air first through a Croll’s or Glover’s dry gas 
meter, in which it was easy to jueasuro to a few cubic 
inches. Those made in a bottle of definite dimensions 
were not subject to any error of measurement. This 
flexible aspirator is also an ap])aratus wliich might bo 
more employed in laboratories. If inverted, it may be 
used for pressing air tlu'ough a solution. This too it 
performs with great I’cgularity. The air or gas may be 
collected from any spot, and carried till it is required ; 
but extreme [)urity is not obtained in this way, on account 
of the sulphur from the vulcanised rubber cloth. 

If people have much work to do, even the trouble of 
filling and emptying such a vessel may be too fatiguing ; 
and to avoid this evil Mr. J. B. Dancer, of Manchester, 
has made a very beautiful apparatus, adapted at first 
for this process only, but ciipable of being used for num- 
berless purposes in a laboratory. When the connections 
have been made as there shown, and the stoppers opened, 
the flow of water will commence from the upper bottle, 
drawing the air through the solution. When this is done, 
the bottle is reversed by a touch of the hand. It is moved 
with the greatest ease. The operation commences again. 
The bottles are measured in parts of a cubic foot, or in 
cubic centimeters, as required. This is a great improve- 
ment on that of Dr. Eeid’s. (The reversing aspirator was, 

I believe, a French invention.) 

The 4-bulb glass is intended to allow of very mpid 
absorption. The first bulb is only half filled, and, when 
the gas passes rapidly, the liquid is thrown up in spray 
and thus better exposed. 

r\ 
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When any caoutchouc is used it must be black ; that 
is, eitlxer the common natural or vulcanised rubber boiled 
with caustic soda. If ordinary vulcanised rubber is used 
in contact with pcrinaiiganate, the solution is instantly 
decomposed. If the air from the inside of a bag of this 
rubber be used, it instantly destroys the permanganate. 
In fact, that Avliich we smell of vulcanised articles decom- 
poses the sidt. 

It must be remarked tliat, when putrid gases are passed 
tlirougli tlie solution of chameleon, the amount may be 
tested sharply, but wlien the exhalations of the skin or 
the lungs are passed through, this sharpness is not ob- 
served. Por example, I have not observed a dillereuce 
when two persons were in the lead cliamber, and when 
there were three. The cause may be that only a limited 
quantity is kept in suspension in the air, the rest being 
deposited. The senses confirm tliis. If, however, actual 
putrefaction occurs, the amount is less limited. This 
leads us to think that the test may be of special advan- 
tage in tracing out the existence of putrid gases, either 
in houses, hospitals, or the human breath itself ; but this 
subject requires labour, and that labour has not been 
bestowed. The amount of labour necessary to obtain 
such results as are here given has been more than can be 
imagined by those wlio have not been devoted to the 
search of such hidden and subtle existences and pheno- 
mena. I make this remark as I know that many persons 
seem to think that I have neglected the subject too much 
of late ; but if I have, it has not been from idleness. 
Another energetic campaign might bring it forward an 
important step. 

Since writing the above I am able to state_ that an 
atmosphere containing ’19 of pure carbonic acid feels 
very agreeable, and cannot, at least in half-an-hour, be 
distinguished from pure air. To find such a condition 
Mr. P. H. Holland suggested a manufactory of soda- 
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water. This was found at Messrs. Jewsbury and Brown’s, 
in Manchester. The wipdows were wide open, and fresh 
air was coming in, but the amount ot gas escaping was 
enough to keep the lowest amount of carbonic acid at 
•1 whilst the bottlers breathed at least "lO, but gene- 
rally mucli more. The place was fresh and agreeable. 
This fact I consider as sufficient to enable us to throw on 
the organic matter all the first blame of the discomfort in 
badly ventilated rooms. So pleasant was the air in the 
manufactoiy that very much more carbonic acid could 
have been borne. It was not apparent to the senses ; 
indeed, it will be seen that 4 per cent, was not very 
evident to the senses, although it allected the vitality ; 
whilst we thus throw on the organic matter the sensible 
discomfort of the time, we are not yet able to say that 
•19 of carbonic acid caused no physiological eflect. That 
point is for the present reserved. The absence of an effect 
which the sense of smell could detect did not hinder a 
very remarkable lowering of the pulse when air contain- 
ing nearly 4 per cent, of carbonic acid was breathed. 

Ilere, however, a step is distinctly gained. We owe 
our discomfort to organic matter; although this has 
been said for some years, it is not anywhere so fully 
proved as by the several facts now gained. 


THE ORGANIC MATTER IN METALLIFEROUS MINES.* 

It is not difficult to prove that organic matter exists 
in the air of mines. The assurance that human beings 
live there would of itself be sufficient to convince us of 
its existence. Organic matter flows into the air as a 
necessary result of 'the phenomena of life. If we did 
not know that human beings existed there, the proof 
would still be easy; as we find along the sides of the 

* This also from * Report on Air of Mines/ 
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mine, in places where the amount of water is neither too 
great nor small, and where otlier conditions do not 
prevent it, that a fine, soft, white covering is given to 
the rock like the nap of the finest white velvet, but 
much finer. When the water and light are favourable, 
it shines like the morning dew on spiders’ webs, but I 
know no appearance above ground giving an idea of so 
much delicacy. It looks pure as it is white ; and it is 
pure — it purifies the air.^ When examined more nearly, 
it is found to resemble rather the mould which comes on 
preserves, but blanched thoroughly by its absence from 
light. It may readily be collected, but so wonderfully 
light is it that you may gather the crop from many 
square feet, and almost doubt at last that you have any 
harvest. It dries up at last into a very tough substance, 
which Professor W. C. Williamson, F.K.S., says is ^ mass 
of confervaa. I did not give him any in a fresh state, so 
that he had no opportunity of making any full examina- 
tion. 

When viewed under the microscope, it presents a 
mass of transparent fibres matted together and inter- 
woven in a most complete manner. Its analysis is, 
perhaps, scarcely to be depended on as far as nitrogen 
is concerned, las the quantity used for combustion with 
oxide of copper was small, and the amount in possession 
insufficient for a second trial. Nearly two per cent, of 
nitrogen was found. 

I sent for more of the substance, but my request was 
not clearly understood. There is an efflorescence of 
sulphate of lime, and also of other salts, which very much 
resembles this fungous growth ; the latter is frequently 
taken for the inorganic salt. The specimen examined 
was obtained from the Botallack Mine, but the same 
kind was seen in other places. 

' It may, liowever, be itself a dangerous substance; we may think, in con- 
nection with it, of the blood-spots of the time of the sweating sickness. 
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In a beer-cellar the fungous matters that grow around 
are proof of exhalations^ arising from the beer ; and no 
cellar can show an analogous phenomenon better than 
mines. At the same time these substances are not 
found in all parts of the mine, because the confervoids 
seek a suitable soil and climate, and these differ every 
few yards underground. Even in a cellar there is no 
fungous covering over the whole wall ; it is confined to 
peculiar spots, which receive it sometimes in great excess. 
In a country there are little nooks of land which are so 
favourably placed as to become natural hospitals, and 
in a garden there are little corners which have all the 
effects of hothouses. So one vineyard has the best wine 
in a country, and one plant in that vineyard is more 
remarkable than any other. For similar reasons the 
coufervoid spoken of does not grow on every spot in the 
mine, but it is common, and must feed only on the 
organic matter supplied by the miners. That which is 
found on decayed wood is much more abundant. 

Decayed wood is much blamed for giving out bad 
air. In this country the amount of wood used is often 
so small that we may leave this source of evil out. 
When 4,000 fir-trees are supplied yearly to a mine, as 
to the Dorothea Mine, at Clausthal, and the Dolcoath 
Mine, in Cornwall, this source of carbonic acid must not 
be overlooked. 

As I had worked a good deal on the subject of organic 
matter in the air, it was natural that I should attend to 
it in the mines ; and, indeed, my first visit was accompanied 
with an apparatus for testing it with permanganate, as 
explained when speaking of the organic matter of the air. 

A solution of permanganate was used, 20 grains of 
which were decolorised by 100 cubic inches of air. In 
the mines 100 cubic inches removed the colour from 28, 
30, 39, and 50 grains, and farther on in the same level 
from 70 grains. In another mine 50, 48, 52. 
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It was clear that deoxidising agents were abundant in 
the mine at certain places. But it must not be supposed 
that this test fixes on organic matter only. It is affected 
by sulphides and sulphites instantaneously, and is there- 
fore a test of the amount of these salts besides other 
substances, as already explained. 

The air from gunpowder contains sulphuretted hy- 
drogen and sulphide of potassium. If a large jug, or 
even a basin or tumbler, be moistened on the sides with 
acetate of lead, whilst a few grains of gunpowder are 
laid on a diy spot below, and fired off by touching with 
a hot wire, the sugar of lead or acetate will become 
black instantly. A deep vessel is better for this purpose, 
in order to confine the smoke. No such large amount 
comes from cesspools on ordinary occasions. We see 
at once that such a gas must act so as to reduce the 
oxide of iron in the blood, and render much of the air 
which is taken into the lungs valueless. 

For this reason it was found quite useless to apply in 
the mines the test which has been used for other places. 
It tells of substances in a group, a sufficient value at 
times, but not suflBcient where a minute enquiry is 
wanted. The following experiments, made for the pur- 
pose of discovering organic matter, if few, were remark- 
ably satisfactory. 

Seventy-six tubes in which gas had been collected 
were washed out with water. This solution contained 
chiefly sulphate of potash. I was scarcely sure of any 
soda without the spectrum test. It also contained a 
little chlorine, as we might expect, the gunpowder not 
being free from chlorides ; there were also nitrates from 
undecomposed gunpowder, and partly, perhaps, from 
the explosions made when analysing. 

The ammonia was equal to one grain in 250 cubic 
feet. This result is given as only approximate ; still it 
looks probable. We do not know to what this ammonia 
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is uuitecl ; it would probably be to carbonic acid ; and 
it may have come partly from the combustion of gun- 
powder. If it had come from organic matter only, we 
should still have been in a difficulty, as we do not know 
how much nitrogen would be found with a given amount 
of animal exhalations. If the nitrogen came in a com- 
pound with the same percentage of nitrogen as fibrin, 
we should then have one grain of organic matter in 36 
cubic feet. 

Part of the material from the tubes was burnt, and 
the unmistakeable odour of nitrogenous substances was 
perceived ; burnt feathers give it in its ideal purity. As 
a final proof that organic matter was operated on, carbon, 
black and combustible, remained behind. 

True the total amount obtained was small, and the 
actual estimation of quantity in such cases has a strong 
appearance of a guess ; but, in order to obtain proof of 
the existence of the organic matter, without regarding 
the quantity, a far smaller amount might be operated on 
with confidence. The inorganic salts are found as might 
be expected — the acids and the bases also. 

This experiment is also a proof of tlie observations by 
the microscope being correct. The salts observed are 
proved and tested in a way that is more convincing to a 
chemist than the mere fact of seeing the undisturbed 
substances. Still the microscope was a valuable aid, and 
showed the salts clearly to the most inexperienced. In- 
deed, the drawings were all made by one who knew 
nothing of chemistry. 

Perhaps some persons may think that, in washing out 
seventy-six tubes, some impurity may have entered, 
vitiating the results. The same water was used to each, 
so as to avoid any accumulation of matter from the 
water. They were not thoroughly washed out, as this 
would have caused too much liquid to be used, and the 
water was not driven on them from a laboratory water- 
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bottle, but by pouring. Besides, experience in looking 
for organic matter has shown me that such noticeable 
quantities are not easily obtained; the difficulty is to 
obtain them at all from air. 

However, for self-satisfaction, several fresh tubes were 
opened and treated with permanganate. That in tube 
marked ‘ Dufton ’ decolorised 50 grains of the perman- 
ganate solution, acting at once ; this tube must have 
contained sulphides, I suppose. It is the best proof of 
their existence which I obtained, but it is not complete. 
This is an amount which would not be decolorised by 
less than 250 cubic inches of common air ; and here in 
the mine we find about 2 cubic inches enough. This 
specimen is one which had a very large amount of the 
crystals in it. The air in Z Z 2 acted similarly, to a less 
extent, and more slowly, which is still a better prbof of 
organic matter, and to me a complete one. Sulphuretted 
hydrogen acts instantaneously. The slow action of the 
organic matter is very convincing when one becomes 
familiar with it. Of course the tubes that had no 
enclosed mine air were tried, and no such results were 
obtained from them. This mode of trial promised well, 
but it was not carried out far enough. 

Those proofs of organic matter were considered more 
than sufficient, and it was not deemed wise to destroy 
many specimens, as I was exceedingly anxious to obtain 
as much evidence as possible on the two gases oxygen 
and carbonic acid. However, a few were opened for ex- 
periments on — 

The Sense op Smell and Organic Matter. 

. Some substances are best known by the smell, and in 
reality only by the smell. Yet the sense of smell is not 
generally taken by chemists as a guide of the highest 
class. It is not easy to see why ; a part of the reason 
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may be that this sense leads us so accurately to such a 
great distance that we are apt to presume upon its 
power, and to judge of substances in amounts really too 
small even for it. We lead it to extremes more readily 
than we lead other faculties. In the mines the sense of 
smell is not capable of exercising itself well. In order 
to give it a fair field, the organ must work in pure air, 
and the substance to be tested must be put to it for a 
short time only. Pure air must frequently be resorted 
to. If we act in this way, we find that in the mine air 
there is the smell of tallow, perspiration, and tobacco. 
These smells were found, not in all specimens, but in 
some. The tubes containing the air were simply broken 
and brought near the nostiils. I have some tubgs made 
in a form that will enable us to blow out a small quan- 
tity at a time rather than squander it away as hitherto 
obliged. Still, even by this squandering method, there 
was enough iii two cubic inches of gas to prove it several 
times to the satisfaction of all the inmates of my labora- 
tory. It required no more proof ; it was clear to the 
observation. There was the close smell, simply like a 
school-room or church, and the excessively disagreeable 
smell, such as I have met in the mine itself, of human 
perspiration. , 

But the most curious point is, that on several occasions 
I found the smell to be aromatic, and one gentleman 
who smelled it said at once that the smell was that of 
apples. I recognised apples in it also, but .still was 
conscious of something besides, and simply called it 
aromatic. I was extremely surprised to find in several 
German books that the apple smell is an ancient attribute 
of badly ventilated places. The organic substances de- 
compose, and compounds are formed after, a time less 
disagreeable than at first. One tube had a smell of 
sulphurous ashes, another of burning oils, another of 
putrefactive matter — according to a friend, Mr. Edward 
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Hunt, B.A., to whose capacity of recognising by smell I 
had often found advantage in appealing. 

A bottle full of the air blowh into the nostrils would 
be a very delic{\te test, and easily made. When I was 
shut up in the lead chamber, not imagining that the air 
was bad, those outside, who breathed from the chamber 
through a tube, found the atmosphere very unpleasing. 
Such an experiment is as good as the sense of sight can 
furnish. It is as good even as the sense of touch ; nay, 
more, you may prove by the sense of sight and touch 
that a certain atmosphere is hurtful, but you will not 
prevent men from entering it, except after long and 
laborious processes of reasoning. But give that atmo- 
sphere a bad smell, and the argument is finished at once. 
This sense must not be despised by the intellect. If tlie 
intellect should venture to show such pride, it will be 
soon obliged to submit and confess itself beaten by the 
instincts. Tliis unexpected incident, caused by the sense 
of smell, leads us to a new and very simple mode of 
testing air. We take it from its place, we stand in pure 
air, and blow the air to be tested into our nostrils. 


NEW METHOD OF USING THE PERMANGANATE TEST 
OF AIR. 

This method may be called new, slight as the change 
appears. The novelty, however, consists merely in the 
larger amount of solution used to wash the air ; so that 
the work is much better done, and the larger amount of 
air washed ensures a more visible result. About 30 
cubic centimetres of pure water are taken, and a small 
amount of a known solution of permanganate added. 
This is shaken with the air of the bottle. The air is 
then pumped out as described under ‘ Air- Washings,’ and 
the bottle shaken again until the whole colour is re- 




' At York Place, and apparently well ventilated. 
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Air-Washings ofS7*b Litres of Air {the Amount used for an 
Experiment') tested with Weak Permanganate, 


Placo, 

Date, 1870. 

Milligrammes. Oxygen re- 
quired by Washings of 37*6 
Litres of Air. 

Instantly. 

Total 
in a few 
Minutes. 

York Place . 

.Tan. 21 

•0060 

•one 

Front of laboratory 

‘>■1 

H 

•0238 

•0411 


„ 27, misty 

■0106 

•0416 

Yard behind „ 

„ iiO „ 

•0210 

•0463 

» >» • 

« 27 „ 

•0600 

•0770 

A water-closet 

20 „ 

•0001 

•0105 

A privy 

„ 20 

•042.3 

•0747 


Tests for Ammonia and Nitric Acid* 

To this point there is some progress made in finding 
organic matter, but the most definite experiments are 
those which give the ammonia and the nitric acid. 
Several chemists liave attended to the ammonia since 
Liebig showed its importance for agriculture, and esti- 
mated the amount in the rain-water at Giessen. Some 
of the most* complete trials have been made in France, 
and I think it interesting to look at the summary already 
given. 

The difficidty of the experiments, or rather the long 
time they occupied, prevented the completion of that 
great number tliat were actually required for full inf(.)rm- 
ation, until Nessler’s test for ammonia became better 
known, and until Schulze’s test for nitric acid was estab- 
lished as a safe one. Several have laboured hard to 
obtain sure' and delicate tests for ammonia and nitric acid, 
and, trifling as the matter may at first seem, we cannot 
doubt that the knowledge gained by simplifying tliese 
tests will be great. I believe that to no one is the 
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subject so raucli indebted as to Mr. Wanklyn, wlio, along 
with Messrs. Chapman and Smith, has worked out care- 
fidly those processes, and made them good Lilx^ratory 
machines, so to speak ; but, wliilst he has done this, he lias 
done more, as he has decomposed many nitrogen com- 
pounds, and obtained from them ammonia, Avliich can 
bo tested by the Nessler process, thus putting into our 
hands a mode of separating the ammonia which Inis 
resulted from decomposition, and which may be innocent, 
from that potential ammonia ready to come fiom albu- 
minoid substances, and often allied with compounds 
dangerous to health. 

As soon as these tests became to my mind siilisliictory 
for obtaining comparative results, I set to work to 
apply them in such a way as to improve our knowledge 
of the atmosphere. The aUsolute sej)aratiou oi' the am- 
monia of organic origin may be a little diflerent. 

I have been able by the.se means to give tlu' amount 
of ammonia, nitric acid, and albuminoid matter in rain 
and in air with, I believe, great accuracy ; and the 
result is, as Ave might expect, a gradation from the pure 
to the impure. We may have large quantities of ammonia 
in air not infected, but albuminoid ammonia will be 
greatest in infected air, if we are at all correct in be- 
lieving either the existence of matter in a state of decay 
as the cause of disease, or in the existence h)f germs 
which may be the products and cause of disease in 
animals or in plants. These organisms may be themselves 
active and healthy, however unwholesome their activity 
may be to us. The comparative amount of this ammonia 
has been estimated in numerous cases in the air, and the 
results may be now taken as practical and easily followed. 
Although the two classes of ammonia have lieen given in 
the tables of air and rain, the following results, obtained 
when investigating the method, will probably stand as a 
better explanation of the distinction. 
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Experiments to find whether the Soluble or Insoluble Portion of the 
Air- Washings gives most Ammonia. 


Air-Washings from 


Free Ammonia. 

Albuminoid 

Ammonia. 

Grains in 
Equal Quantities 
of Air. 

Grammes in 
Equal Quantities 
of Air. 

Grains in 
Equal Quantities 
of Air. 

Grammes in 
Equal Quantities 
of Air. 

Woburn Square, W.C.,'| 

Soluble 

16-6U 

38022 

15*573 

35*647 

and N 






Street off Regent Street J 

Insoluble 

None 

None 

42*575 

97*433 

Large Yard near St. ^ 

Soluble 

21*442 

41)073 

36*758 

84*125 

Katlieriiio’s Docks j 

Insoluble 

1*858 

4*253 

31*916 

73*043 

Now Kent Road/l 

Soluble 

None 

None 

37-700 

86*282 

Pleasant Place, and > 






Konnington Park. .j 

Insoluble 

a 

•» 

25*981 

59*453 


Taking the first four experiments, which are the most 
complete, we have — 

Proportionate Amount* 

Ammonia in solution 10 028 

Organic ammonia in solution 20*165 

Ammonia in solid 1*858 

Organic ammonia in solid 37 245 


Tliis proves tlie insoluble matter to contain the greater 
part of tlie organic nitrogen. 

By these .means we can tell exactly the comparative 
amount of albuminoid matter represented or actually 
present iti a given amount of air, as well as the am- 
monia, and we may add nitric acid, from previous de- 
composition. Taking the two ammonias together, we 
liavo in one instance 32 grains in a million cubic feet in 
good air. Of this 15 \ are albuminoid, which will represent 
about seven times its weight, or 108 grains of albuminoid 
matter, which may be the matter forming germs, seeds, 
and, perhaps, full-grown plants, at that particular time 
and place. It is not absolutely certain to me that the 
whole of the material is decomposed, and on this point I 
am quite prepared to find that some failure has been 
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made. On tlie conij)arative quantity I have no doubt, 
as tlie experiments are very numerous and consistent, 
extending over a long time, as well as to a great variety 
of cases, some at least giving absolute quantities. 

The figures given in 1808 and 1809 were called com- 
parative. I was afraid to say that they actually I’opre- 
sented the amount in a million cubic feet, although 
mentioning that it was intended to do so at first. The 
fear ro.se from the method of making the exjjcriments ; 
it was not clear how many stiokes of the pumj) were 
necessary to en.sure a new supply of air to the bottle. It 
was nece.ssary not to give too little, ajid it was also of 
importance not to draw in too much, because, although it 
would sooji escape, it would pass over the liquid ‘and be 
partly washed. 

The following will explain the method ; — 

Latest Method of making the Experiments. 

A bottle of the capacity of about 2,000 cubic cen- 
timetres, or nearly two quarts, was filled with the air 
to be washed. This was done by means of a pump of 
the capacity of about a tenth of a cubic foot of a flexible 
material. (This ])urap taken from the ‘ Eeport on the 
Air of Mines,’ see Estimation of Carbonic Acid). 

The tube from the flexible pump in a closed state is 
put into the bottle, the mouth being left open so far as 
the tube permits it. The pump is then drawn open, 
and the fresh air rushes into the bottle. The bottle con- 
tains 30-50 cub. cent, of the purest water. This is 
shaken with the air. Of course the tube is previously 
drawn out and the glass stopper put on. It is very im- 
portant that the water should be pure. The test for 
purity is exactly that which is used for the ammonia. 
If none can be found in the water used until it has 
washed the air, thei? the sniiir,f«.o 
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test must be made for the albuminoid ammonia. The 
water must therefore be boiled with soda or potash and 
permanunnate before distillation. After this it must be 
tested. There is no use in testing it before, as it Avill 
certainly contain impurities, and even after being dis- 
tilled alone. Patience is not lost in excessively careful 
preparations for experiments of this kind. 

The testing afterwards is exactly the process for testing 
waters as given by Messre. Wanklyn, Chapman, and 
Smith. 

Mkasure op the Am used. 

The amount of air contained in the bottle must be 
carefully ascertained. The temperature and pressure have 
not been taken for this class of experiment. At a future 
time it may be a question of weight of air ; at present it 
is of bulk. One bottle is far too small for the estimation 
of the organic matter, or even of the inorganic salts, 
except oil rare occasions. It was necessary to fill it many 
times — from ten in bad cases to a hundred or more in 
good — nearly 1,000 have been u.sed in some. Tlie ques- 
tion then rose. When one stroke of the pump drawing one- 
tenth of a cubic foot of air was used, being more than 
the contents Of the bottle, did a whole bottlefull of fresh 
air enter ? It was not certain for some time, and a long 
series of experiments was required to prove it. The trial 
was first made by using a common air-pump, and making 
a nearly complete vacuum in the bottle, then allowing 
the air to enter. By this means an exact measure was 
obtained ; the value of the vacuum was measured by a 
column of mercury. Strange to say, excessive amounts 
were obtained so frequently that the experiments were 
not considered of any value by this method. Still, being 
theoretically exact, it was destined to be the test of all 
other modes of measuring, and the cause of the excess 
must be discovered. 
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In order to find how many strokes of the bellows- 
purap were equal to tJie amount taken out by the air- 
pump to make room for a fresli supply, it was deter- 
mined to try the hydrochloric acid of tlie air, because 
there was reason to fear that there were circumstances 
in connection with the apparatus and mode of working 
which would affect the amount of ammonia. 


Air-Pump. 

Four Stroko.s of Bellows-Pump. 


t) 
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83*49 

133*19 

304*81 




S3-49 

10.5*07 

240*46 

93*75 

144*60 

330*93' 

0(J-88 

100*78 

4.36*60 

76 

266*19 

684* 

C7-78 

164*72 

37(i*05 

76 

170*13 

389.33 

07 03 

162*62 

340*26 

76 

180*70 

413*07 

Average . 

163*20 

350*82 

Average . 

187*67 

429*48 


It is clear that four strokes of the bellows-purap are too 
many. 

One stroke of the pump was then tried, and it was 
found that, although it contained scarcely a half more air 
than the bottle itself, the amount of air brought in was 
sufficient to refill it. The amounts obtained by the two 
methods are as nearly the same as two experiments 
made on one method. We cannot expect identity of 
result to one or two units in cases where the air is con- 
stantly changing, and still less when the amount is calcu- 

• 

^ In making these two experiments a short tube was connected with the 
bellows-pump, and, in consequence, the hand was close to the mouth of the 
bottle when the air was being changed. For all the other experiments a 
glass tube bent at right angles was used, so that the hand was nearly a foot 
away from the bottle. 
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lated on such a large quantity as a million cubic feet. 
If we calculate it for the actual amounts used, the dif- 
ferences are wonderfully small. • 


Air-Pump. 

One Stroke of Bellows-Pump. 

Litres of 
Air. 

Grains per 
Million Cubic 
Feet of Air. 

Grammes per 
Million Cubic 
Metres of Air. 

Litres of Air 
supposed to 
have been 
used. 

Grains per 
Million Cubic 
Feet of Air. 

Grammes per 
Million Cubic 
Metres of Air. 

C8 03 

] 08-75 

248-88 

76 

106-33 

243*33 

09-78 

114-29 

2Cr-64 

75 

110-90 

267-07 


A perfect accordance to a per cent, is not to be ex- 
pected in ever varying air, still less to one or two in 
a million. The general similarity is sufficient foV the 
purpose. 

The sulphates in the air were triad in the same way, 
and the results were — 


Air-Pump. 

1 One Stroke of Bellows-Pump. 

Litres of 
Air. 

Grains per 
Million Cubic 
Feet of Air. 

Grammes per 
Million Cubic 
Mkres of Air. 

Litres of Air 
supposed to 
have been 
used. 

Grains per 
Million Cubic 
Feet of Air. 

Grammes per 
Million Cubic 
Metres of Air. 

08-93 

17-00 

3362-38 

6501-97 

7094-76 

15016-99 

76- 

19-26 

3665-07 

6946-12 

8160 

16896-10 

Average . 

4902-17 

11366-87 

Average . 

6255-9 

12028-1 


It was always observed that the air-washings, when the 
air-pump wa? used, were darker and Contained more solid 
floating matter than when the loose flexible pump was 
employed on the open bottle. It was found that whilst 
by one action of the flexible pump the same amount was 
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got as by the more exact measurement of tlie rigid air- 
pump when acids were^ estimated, the same nearness of 
result could not so easily be obtained for ammonia, un- 
less so much care was used that it was imjxissible in 
distant places and in the open air. The flexible pump 
was therefore taken. In experiments whei’e good air and 
bad differ more than 100 a very close approximation 
is not required, and in the present state of the (juesfion 
cannot be used. If, for example, pure air gives less than 
twenty of ammonia, and impure above 200, it is the same 
to us in meaning as if it were 250, or even more. 

Tlie cause of the increastsl amount of ammonia when 
the fixed air-pump was emjiloyed was found to be in the 
organic substances used for closing the bottle, oi’ rcsideiing 
it tight, or employed in manipulating. By keeping it open, 

. except when the clean gla.ss stopper was put on, the diffi- 
culty vanished. 


AfU-W.ASinXG. 

Having finished many analyses of rain, it was next 
determined to imitate it by art, and to wash the air so 
as to obtain from it the extraneous matter for examin- 
ation. It is of the highe.st importance that we should 
learn the character of the air that we are called on to 
breathe without waiting to observe its effect on our health. 
I certairdy am pleased to have been so far successful, 
and to see the promise of still more success. It is sur- 
prising to find the figures of the comj)arative results 
stand out in such beautiful order. Something like this 
I did expect, but to find so few cases out of the rule, and 
of the ‘ means ’ none whatever, was beyond my expecta- 
tion. The numbers follow the same order as those for 
rain ; we see, therefore, that some conditions of the air, so 
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far as regards the substances mentioned, can be settled by 
experiment on a dry day and under cover. The air was 
washed in a bottle, as already explained under ‘ Experi- 
ments to find the Amount of Organic Matter in the Air.’ A 
better mechanical way will be found, no doubt, but this is 
sufficient to show its practicability. I have made an ap- 
paratus to be driven by the wind and pump air through a 
liquid at the same time, registering the number of strokes, 
and consequently the bulk of the air ; but, although it 
may be of use, it cannot approach the truth so nearly by 
a great distance as by the more laborious method adopted. 
Still it will do for rough results, which can be compared 
among themselves. Although air-washings enable us to 
exami.no air where rain csinnot come, and to a great 
extent must supersede the examination of rain, the latter 
must not be neglected, since we obtain from it a knowledge 
of the contents of the atmosphere at a time when we cannot 
watch it, and we obtain also the mean of a long period. 
The rain, as well as the air-washing, will still be used 
for the examination of the air of the country and of 
towns, whilst the air will be washed in houses and close 
places. 

Very little requires to be said in explanation of these 
tables, all of which have been already published in the 
‘ Reports under the Alkali Act ’ from 1868 onwards. 
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AIR. 


Total Acid. 

'tmm oiqno 
uoiinw B 
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1^ I-H IN 00 M ^ 
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oiqno 

uonnK 

11 uf saiiuo 

0 0 0 c 0 0 *>• 

ra ^ ^ (N w 

w « 0 6 a> 

Cl MO l>- Oi iO CO 

rH b. 0 ^ b- Oi 

rH rH 

Sulphuric Acid 
(Anhydrous). 

uoiiUK u 
a; eoiutuiuo 

2393 1 

12S7-5 

2239 1 

823*2 

896*9 

1623*8 

2016*8 

•qwj O'qno 
uoTillW 

V in 8U11U0 

>p Ip C4 Ip ^ rt« fH 

1 i‘b Cl X 6> 6i 

th X i'* *0 o> 0 X 
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UJ SOraUlBif) rH -ti I-I « -M rH ,-1 

W 

B 11] 8UJB.10 

0 b- 

X « ‘P X ip (N 

b. »b C5 Cl X rH ^ 

b- X »>. r- Oi 0 10 

rH rH 

Proportion 
of Hydro- 
chloric Acid 
to Sulphuric 
Acid. 

_ 

X 0 OJ b- rH X 

X X lyi a OS X 

X w Cl X X w lb 

2 t S i S S S 

Remarks. . 

N. wind • 

„ ... 

SW. wind . 

NE. wind ; cold 

NE. wind ; rain during 
the previous night 

High W. wind ; veiy 
wet all the previous 
day. Straws got 
into jar 

Mist fell during last 
half - hour, and 
brought an odour of 
decaying vegetable 
matter 

Weather and 
Time of Day. 

Fine, 3 to 4.15 

P.M. 

»» »» 

Fine, 2.30 to 
4.30 P.M. 

Cloudy . 

Dull damp 

morning, but 
bright after- 
noon, 1 to 
3 P.M. 

Showery, 12.30 
to 3 P.M. 

Fair, 3,30 to 
4.45 P.M.. 

Date, 

18t>8. 

d X Cl rH 10 d CO 

rH rH r^ d d 

0 r ^ 

0 r cj s r r 0 

0 JTh 

Place. 

»» • * 

»i • • 

Greenheys Fields, 
near Manchester, 
on S. side 

In a field between 
Stretford and 

Didsbury 

»* it It • 

>» it fi 

tt it tt • 


11 

12 

13 

14 

15 

16 

17 
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Hydrochloric and Sulphuric Acid in London Air, November 1869 , 




Hydrochloric 

JLcid. 

Sulphuric Acid 
(Anhydrous). 

Proportion 

Place. 

Date 

and Weather. 

Grains 

per ? Cubic 
Feet. 

Grammes 
per ? Cubic 
Metres. 

Grains 

per ? Cubic 
Feet. 

Grammes 
per ? Cubic 
Metres. 

of Ifydro- 
chlorio 
to 

Sulphuric 

Acid. 


Novenil)er 






Oxford Square, Lisson 
Grove, and near 
Belaize Park 

5, raining 

116129 

265-762 

835-193 

1911-340 

1 to 7-19 

King’s Cross (two 
squares) 

Space near Holborn 
Viaduct, Woburn 
Square, W.C., and 
off' Regent Street 
Islington, ' Iloxton, 
Dalston, and Hack- 
ney 

8, dull 

52-267 

119-614 

— 

— 

— 

11, frosty 



986-276 

2257-093 


8, showery 



38Qi292 

884-030 


Bethnal Green Rood 
and Stepney 

9, dull 

— 

-T— 

899-964 

20o9'569 

— 

Cavendish Place, 

Wandsworth Road 

6, fine 

108-459 

248-208 

540-809 

1237-642 

i to 4-98 

Average . , 

. . 

92-285 

211-194 

729-707 

1669-985 ' 

1 

1 to7*91‘ 


Air of the Underground Railway {Metropolitan), November 1869. — 
The Air was washed in the Train passing up and down between 
South Kensington and Moorgate Street, Hydrochloric and 
Sulphuric Acids, 


Date and Time of Day. 

Hydrochloric Acid. 

Sulphuric Acid 
(Anhydrous). 

Proportion of 
Hydrochloric to 
Sulphuric 
Acid. 

Grains 

per ? Cubic 
Feet. 

Grammes 
per -? Cubic 
Metres. 

t> 

3 

e s 

1.1 

s. 

Grammes 
per ? Cubic 
Metres. 

Nov. 1 1 and 12, morn> 

368-571 

820-586 

28.5-279 

6557-192 

1 to 

7-99 

ing 

Nov. 16, 9.30 to 

392-850 

899-029 

•4419-526 

10114 085 

1 » 

11-25 

1 1 A.M. 







Nov. 16, 1 to 3 r.M. . 

268-091 

61.3-523 

2644-172 

6051-190 

1 „ 

9-86 

„ 10.30 to 

102 945 

235-589 

2961-423 

6777 216 

1 » 

28-76 

11.30 p.M. 







Average 

280-614 

642 182 

3222-600 

7374921 

1 to 

11-48* 


' Proportion of ovoraco ncids. 
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Ammonia. 

This alkali exists in the air as carbonate, chloride, sul- 
phate, or sulphide. It rises frQin the ground as a pro- 
duct of decomposition of organic substances, and then 
chiefly with carbonic acid or sulphur. The oxidation 
soon converts part, and the excess of sulphuric acid con- 
verts the rest, into sulphate of ammonia, which then 
comes in contact with chloride of sodium, when decom- 
position takes place, as mentioned when speaking of sul- 

* 

phate of soda. This ammonia is not organic matter, 
but it shows that decomposition is going on somewhere 
so near as to leave its products perceptible. It is like 
the dry bones of animals, showing that life has been 
there. It is interesting to remark how the amount varies ; 
it is greatest near the ground, and also at the backs of 
houses when refuse matter is deposited there. Tliis is 
exactly as one might exi)ect. 

Ammonia and its salts, although to be distinguislied 
from substances producing distinct forms of disease, must 
not be considered as indifferent bodies when in large 
quantities. We do not breathe so well in their presence ; 
the senses have the power of feeling very small amounts 
of solid matter, and the breathing is easily inconvenienced 
by it. 
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Ammonia (Free or with Acids). 


Air obtained from 

Conditions. 

Grains per 
Million 
Cubic Feet. 

Grammes per 
Million Cubic 
Metros. 

Laboratory office. 10 a.m. . 

* • • • 

40-010 

100007 


4 P.M. . 


68-202 

133-333 

Gas-room, 10 a. m. 

, , 

• • • • 

67*113 

130 703 

„ 4 1*.M. 


• • . . 

83-074 

190-114 

1 Yard behind laboratory . 

Fine, Oct. 28, 18G9 

41-638 

OoOfiO 

o » 


P\*eezing, snow on 

46-729 

100-939 



the ground, Dec. 





28 



» n 

, 

Damp, Jan. 13, 1870 

26-961 

69-411 

9) ij 

• 

Fine „ 25 

83074 

190-114 

if fi 

, 

„ 2G 

02-306 

142-580 

Street, open 

# • 

Raining and strong 

31-162 

71-292 


wind, Dec. 






53-682 

122-022 

Bedroom, 9 p.m. 


Feb. 15, 1870 

29070 

* 00-640 

„ 7 A.M, 

, . 


41-637 

95-067 

if it 

• • 

Nov. 1, 1800 . 

02-301 

142-586 




44-305 

101-394 

Midden . 

t • 

Fine, cold, Oct. 27 . 

233-060 

633-333 

if * * 


» « 28 . 

103-841 

237-040 

)f * 

• • 

„ » 20. 

103-841 

237-040 




140011 

330-204 


This ammonia will measure the amount of sewage 
matter thrown into the atmosphere, and ought to be 
greater where there is a greater exposure of manures to 
air, and especially to air and water. We cannot tell the 
amount of injury which it does in minute quantities, but 
we object to it chiefly because it is the result of de- 
composition, and is an ingredient in the most impure air. 
It has therefore very bad relations and keeps bad company, 
whilst if it increases so as to be perceptible to the senses. 
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it becomes unpleasant and of course unwholesome. This 
was said imder rain, but is repeated here to prevent 
mistakes. 


Air- Washings of London, — A^nmonia (^Inorganic). 


Ammonia. 


Date and Weather. 

Air obtaine<i from 

^Grains poi 
Mill. Cub. 
! Poet. 

1 _ 

• Granunrs 
' per Mill. 
Cub. M ^ts 

Nov. 4, windy . 

Chelsea (three places) . 

100.30 

i 45 030 

ff ff and a 

Broiupton (three places) 

1>0*7G0 

47*530 

shower of rain 



Nov. 6, morning ; fine 
Nov. 8, dull and windy 

Hyde Park (two places) 

12G5/5 

28*010 

King’s Cross (two squares) . 

2()*7()0 

47*530 

Nov. 11, frosty . 

Woburn Square and oil* Re- 
g(;nt Street 

1()014 

38*022 

If ff • • 

Space near Ilolborn Viaduct 

! J2-4G0 , 

28*517 

„ 8, showery 

Islington, Iloxton, Dalston, 
and Hackney 

Bethnal Green and Stepney . 
Large yard near St. Katha- 
rine’s Docks 

20*701 

01*108 

„ 9, dull 

41*r>.34 

05*057 

ff ff ff 

1 23*300 

53*320 

ff 10, morning j 

London Bridge 

27*419 

02*752 

cold and damp 



Nov, 9, dull 

The Bank of England . 

20*074 

00*540 

„ G, fine 

Westminster Abbey Yard . 

20*707 

47*53,0 

„ 13, windy 

Embankment of Parliament 
Houses 

21*110 

48*334 

„ 10, fine . 

Back street near Lambeth 
Workhouse 

84*700 

203 003 

ff ff ff • 

New Kent Road, Pleasant | 
Place, Kennington Park j 

24*921 j 

57*027 

„ 6 „ . 

Near Vauxhall Bridge . . ; 

1(3*014 ! 

38*022 

ff ff ff • 

Cavendish Place, Wtmds- i 
worth Road j 

20 074 j 

00*540 

ff 13, very strong 

A field two miles past Clap- j 

20*013 i 

07*772 

wind 

ham J unction | 

1 

1 



Average . . . ; 

20*780 ' 

01*280 


i 
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Air of the Underground Railway (^Metropolitan), November 1869.— 
The Air was washed in the Train passing up and down between South 
Kensington and Moorgate Street. 


Bate and Time of Bay. 

Ammonia. 

Grains per 
Mill. Cubic 
Feet. 

Grammes 
per Mill. 
Cub. Mits. 

November 11 and 12, morning , 

47-927 

109-681 

November 15, 1 to 3 p.m 

16-196 

34-777 

Average ..... 

31-661 

i 

72-229 

1 


Glasgow Air- Washing, 





Ammonia. 

Air obtained from 

Weather. 

Bate, 1870. 

Grains per 
Mill. Cubic 
Feet. 

Grammes 
per Mill. 
Cub. Mets. 

A green in Elmbank 
Street, near St. 
Vincent Street 

S., thaw- 
ing, snow 
onground 

wsw., 

fine 

Feb. 26 . 

34-614 

79-214 

Union Street, near 
Argyle Street 

March 1 . 

41-637 

96-067 

Cliarlotte Street, Gal- 
lowgate 

Finnieston Quay 

Fine 

” 2 . 

44-504 

101-847 

wsw. . 

« 1 ■ 

16-021 

36-666 

i 

Average 

• 

• 

34-169 

78-196 

Shore, Innellan, Firth 
of Clyde, wind from 
NE. 

NNE. 

wind. 

March 3 . 

22-846 

62-281 


Everything here is not as expected, but I cannot doubt 
that strict enquiry would show that some of the experi- 
ments wercvincorrect, or made on unfair specimens of air. 
The air at Innellan appeal’s too high. At tlie time the 
wind was not from the sea or from the hills, but blowing 
along the shore, which will not give the best. It suits 
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very well to compare with Glasgow, but the error seems 
to be in the specimen from Finnieston, which we must 
suppose to be too low. It is quite in a busy part of the 
town. We must not, however, feel certain of any error ; 
the district, although full of workshops, is not densely 
inhabited. I expected emanations from the river even 
in March, but it appears tliat they were not found, and 
the experiments tend to show rather a rush of fresh air 
up the river into the town. 


Ammonia, Albuminoid or Potential. 

It has already been explained tliat this is the aqimonia 
which comes from organic substances, either alive, as 
animals and vegetables, or dead and in decay. 'J'liis sub- 
stance is therefore the. most important of the chemical 
constituents. We must not, however, draw too many 
conclusions from its presence. The organic matter is 
sometimes quite sound, and so far from producing disease 
it may help to drive it away. All that we can say is, 
that organic nitrogenous matter shows that some or- 
ganisms of a hurtful kind may be present. If there is 
no excess of albuminoid ammonia, the hurtful organisms 
or other matter may be presumed to be absent. If 
there is an excess, it is well to avoid such air until we 
know that it is from a source which produces not only 
that which is wholesome but which continues to be so. 
The results obtained regarding albuminoid ammonia 
are as beautiful as those in the inorganic ammonia 
column. The quantity is such as we might expect, and 
is increased by population. Living beings raise the 
numbers, but still more their abrasions and offscourings. 
By this enquiry we can test the amount of ventilation 
either of a close or open situation. 

F F 2 
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AlbanimoUl Ammonia. 



, 

Albuminoid Ammonia. 

Air obtained from 

Time and Weather. 

Drains per 
Million 
Cubic Foet. 

Grammes per 
Million 
Cubic Metres. 

Laboratory office, 10 a.m. . 

„ „ 4r.ii. . 

Gos-room, 10 A.M. . 

„ 4 P.M. . 

Yard behind laboratory . 

W ff • 

M yf • 

yy yy 

yy yy 

Street, open 

. 

Fine, Oct. 28, 18(59 . 
Freezing, snow on 
the ground, Dec. 28 
Damp, Jan. 13, 1870 
Fine „ 26 ,, 

Foggy „ 26 „ 

iiainingand strong 
wind, Dec. 

116*625 

128177 

9:3-468 

186*916 

41*638 

165*764 

93*458 

138*467 

96*920 

114*227 

260*607 

293*333 

213*878 

427*756 

95*060 

866*464 

213*878 

316*867 

221*800 

261*407 



116*644 

260-710 

Bodrooui, 0 p.m, 

„ 7 A.M. 

yy • • 

Feb. 15, 1870. 

„ 16 „ 

Nov. 1, 1800 

83*074 

146*210 

83*070 

190*114 

834*601 

100*114 



, 104*118 

1 238*276 

Midden .... 

yy .... 

yy .... 

Fine, cold, Oct. 27 . 

yy yy yy 28 . 1 

yy yy v 20 . 

233*050 
207*083 
103*841 ' 

633*833 

476*280 

237*640 



181*624 

416*417 


Air of the Underground Bailway {Metropolitaii)^ November 1869. — 
The Air was washed in the Train passing up and down between South 
Kensington and Moorgate Street. 



Albuminoid Ammonia. 

Date and Time of Day. 

Grains per Grammes per 
Million 1 Million Cu- 
Cubic Feet. | bic Metres. 

November 11 and l2, morning . 

November ] 6, 1 to 3 p.m 

199*(597 

126637 

i 467-005 

1 289-808 

Average ■ 

103*167 1 

37;l-406 ! 
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Air- Washings of London, — For Ammonia {Organic or Albuminoid), 


Dato and Weather, 

Air oblainod from 

Albuminoid 

Ammonia. 

Grains per 
Million 
Cub. Feet. 

Grammes 
per Mill. 
Cub.M^ts. 

Nov. 4, windy . 

Chelsea (three places) . 

48*180 

110*300 

if ff ff ^ and a 
shower of rain 

Brompton (three places) 


128-320 

Nov. 6, morning ; fine 

Plyde Park (two places) 
King’s Cross (two squares) 

87*905 

. 86*890 

Nov. 8, dull and windv 

68*148 

133*080 

Nov. 11, frosty . 

Woburn Square and off Re- 
gent Street 

68T48 

133*080 

ff ft ff ‘ 

Space near Ilolborn Viaduct 

66*466 

162091 

„ 8, showery 

Islington, Hoxton, Ralston, 
and Hackney 

66*286 

149*371 

„ 9, dull 

Rfethnal Green and Stepney . 
Large yard near St. Katha- 
rine’s Rocks 

83-086 

190-114 

ff ft ff • 

68-674 

167*168 

Nov, 10, mornings cold 
and damp 

Nov. 9, dull 

London Bridge . 

61166 

139-987 

' The Bank of England . 

62301 

142-585 

„ 6, fine 

Westminster Abb^ yard 
Embankment of Parliament! 
Houses . , . , / 

37*381 

85-551 

„ 13, windy 

71-805 

• 

164-336 

„ 10, fine . 

Back Street near Lambeth 
Workhouse 

106*696 

241-670 

ff ff ft • 

New Kent Rond, Pleasant 
l^lace, Kennington Park , 

63*680 : 

146*736 

ff 0, „ . 

Near Vauxhall Bridge . 

06*466 : 

162*091 

ff ff ff • 

Cavendish Place, Wands- 
worth Road 

68*148 : 

133*080 

„ 13, very strong 

wind 

A field two miles past Clap- 1 
ham Junction 

118*461 ! 

271*088 


Average . . . | 

66-947 ] 

L60-919 
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Glasgow Air- Washing. — Alhwpiinoid Ammonia. 





Albuminoid Ammonia, 

Air obtained from 

Weather. 

Date, 1870. 

Grains per 
Mill. Cubic 
Feet. 

Grammes 
per Mill. Cu- 
bic Mitres. 

A green in Elmbank 
Street, near St, Vin- 
cent Street 

S., thaw- 
ing, snow 
on ground. 

Feb. 20 . 

117'688 

269*328 

Union Street, near 
Argylo Street 

wsw., 

fine 

March 1 . 

178-016 

407*387 

Charlotte Street, Gal- 
lowgate 

Finnieston Quay 

Fine 

» 2. 

112-743 

268*012 

WSW. . 

« 1 • 

124-611 

i 285*171 

Average 

• 

• 

133-264 

304*974 

Shore, Innellan, Firth 
of Clyde. 

NNE. 

wind 

March 8 . 

60*228 

137*832 

• 


Air-Washing. — Summary of Results. — Ammonia {Average Free 
and Albuminoid). 


• 

Num- 

Free Ammonia. 

Albuminoid Ammonia. 

Air obtained from 

« 

her of 
Experi- 
ments. 

Grains per 
Million Cu- 
bic Feet. 

Grammes per 
Million Cu- 
bic Mitres. 

Grains per 
Million Cu- 
bic Feet. 

Grammes per 
Million Cu- 
bic Mitres. 

Innellan 

1 

22*846 

62*281 

60*228 

137*832 

Ijondon . 

18 

26-780 

61-286 

65*947 

160*919 

Glasgow 

4 

84-169 

78*196 

133*264 

304*974 

A bedroom , 

3 

44-306 

101*394 

104*118 

238*276 

Inside and outside 

10 

63-682 

122*622 

116*644 

266*710 

office at Manchester 






Underground Kail- 

2 

31-661 

72*229 

163*167 

373*406 

way (Metropolitan) 
A midden . * . 






3 

1 

146-911 

336*20*4 

181*624 

416*417 
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Air-Waaliing. — Average Total Ammonia. 



Total Ammonia. 

Air obtained from 

Grains per 

Grammes perf 


Million Cu- 

Million Cu- 


bic Feet. 

bic Metres. 

Innellan 

83073 

190*113 

London ...... 

92*727 

2] 2*206 

A bedroom 

148*423 

339*670 

Glasgow 

167 433 

883*170 

Inside and outside office . 

170*126 

389*332 

Underground railway (Metropolitan) 

194*728 

446*636 

Midden 

328*436 

761*621 


Summary of Comparative Eesults. 

The actual meaning of the analyses will be seen from 
the following tables, better probably than by anything 
that has yet been said. 


Air — Total Acid, 
Relation to Blackpool taken as 100, 


Blackpool ^ 100 

Didsbury 282 

Buxton 327 

London ....... 348 

St. Helen’s *488 

Manchester 498 


Underground Railway (Metropolitan) . 1483 


Air — Hydrochloric Acid, 


Relation to Blackpool taken as 100. 


Blackpool ..... 

, 100 

Didsbury 

. 277 

London 

. 320 

Manchester 

. 396 

Buxton ...... 

. <16 

St. Helen’s 

. 616 

Underground Railway (Metropolitan) 

. 974 


^ Lancashire coast. 


^ Four miles S. of Manchester. 
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Air — Sulp7iuric Acid (^Anhydrous). 


Blackpool 100 

Didsbury 282 

Buxton 815 

London 852 

St. Helen’s 484 

Manchester ...... 518 

Underground Railway (Metropolitan) . 1554 


Air — Total Ammonia. 
Holation to Innellan taken as 100. 


Innellan^ ...... 100 

London . . . , . . ,112 

A bedroom 179 

Glasgow ....... 202 

Inside and outside of office . . . 205 

Underground Railway (Metropolitan) . 284 

A midden ...... 805 


Air — Ammonia. 
Rolatiou to Innellan taken as 100. 


Innellan 100 

London ....... 117 

Underground Rmlway (Metropolitan) . 188 

Glasgow ....... 150 

A bedroom 194 

Inside and outside of office . . . 285 

midden 643 


A ir — A Ihnminoid Ammonia. 
Relation to Innellan taken as 100. 


Innellan 100 

London . . . . , . . 109 

A bedroom ...... 173 

Inside and outside of office . , . . 193 

Glasgow 221 

Underground Railway (Metropolitan) . 271 

A midden ...... 801 


^ Firth'of Clyde. 
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The results in this part being the most striking, and 
at tlie same time remarkably consistent with theory, I 
cannot doubt that the method will be used daily in ex- 
amination of air in all cases in which the unaided sens'es 
feel it difficult to decide. 

Hesults showing the extent of Accuracy attained hy using Messrs. 
Wanklyn, Chapman, and Smithes Modification of Schulze's Process 
for the Detei'inination of Nitrites and Nit?'ates. 


Milligrammes. 
HNO, taken as 
KNO 3 . 

Milligrammes. 
HNO3 found and 
corrected. 

Error. 

•622 

mo 

+ •008 

•622 

•630 

+ •008 

•311 

•296 

-•015 

•311 

•296 

1 --015 

•1S7 

•196 

+ •009 

•187 

•185 

-•002 

•062 

•074 

+ •012 

•062 

•055 

-•007 

•062 

•074 

+ •012 


The nitric acid found was corrected by subtracting 
from each result '037 mgm. HNO 3 , the amount usually 
obtained when a piece (about '5 grm.) of aluminium 
was dissolved in pure soda solution, as •the following 
result shows. The mean of the results was not used, 
because some of the experiments were made after *037 
had been taken as the error in the determinations of nitric 
acid in rain-waters. 

The reason for subtracting ’037 was found by seve 
ral trials. A solution of caustic soda, from which all 
ammonia was boiled off that might happen to be present, 
was allowed to act on aluminium. After the action the 
solution was again boiled, and ammonia was found cor- 
responding to "037 nitric acid. In other words, whether 
by absorption of ammonia from the air or by the action of 
the nitrogen, or some unobserved peculiarity in working, an 
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unavoidable quantity remained. It would probably be 
*039, as some later trials indicated, but the '037 was adopted 
from earlier trials, and there seemed no reason to change 
it because of the small difference shown in this series. 

The experiments were made as nearly as possible like 
others for the determination of nitrites and nitrates. 

Milligrammes. HNO3. 

•0370 *0569 *0278 

•0370 -0370 *0446 

Average . . . *0399 


'CARBON IN THE AIR.' 

‘ By examination of several chimneys, I came to the 
conclusion that about 1 per cent, weight of the coal used 
is sent off in the condition of carbon or tarry matter. 
This will be equal to nearly 60 tons a day for Manchester. 
Supposing it to be 60 tons, and a space 600 feet high 
filled equally with the vapour and carbon, allowing a 
thorough change twenty times a day, then only 3 tons 
would exist in suspension at a time in the atmosphere. 
This would be only 1 grain in .5,689 cubic feet, or 1 
grain in a cube of rather less than 18 feet (17 •852).* 
This is sometimes more, sometimes less, than the truth, 
in all probability. It is about the truth for a very clear 
day. The half of this will be more frequently true. 
With 1 in 5,689, or in the best seasons, we should 
breathe a grain of soot in twenty-one days : a small 
quantity, but it is given in irregular doses, and, as it 
has a very large surface, a grain appears very large. The 
carbon separates from the rest of the smoke much sooner 
than the gasgs, and is often seen floating at a long dis- 
tance from its source, when all the gaseous matter must 

* From paper 'On the Air of Towns,^ pp. 36, 36, Chem. Soc. 1868. 

^ This is assuming a space of sixteen square miles of surface. 
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have been removed, as if it were the dark skeleton of the 
smoke alone, without the vitality of diffusion to decide 
upon any course.’ 


‘TARRY MATTERS IN THE AIR.* 

‘ Besides the carbonic acid, as a result of the combus- 
tion of coal, the products of distillation must also be con- 
sidered. In one case I found exactly one-half of the 
carbonaceous matter of the smoke to be volatile. 100 
cubic feet gave 8 grains of soot, 4 grains being volatile. 
If so, the amount which I have given for the carbon and 
tar, &c., may be stated thus : — 

J per cent, of tlie weight of coal used given off as carbon. 

I „ „ „ tar, and other 

volatile products of coal, all of which may be included. 

Or 30 tons of tar per day, and 30 of soot, 

The numbers gave from *83 to 1 J tons of tar per day, and *83 to 
of soot in the atmosphere at a time. 

‘ Now, I have ascertained by experiment that some of 
these products are capable of decomposing manganates, 
and, when judging of the unwholesomeness of a district 
by the amount of organic matter, care must be taken not 
to be misled by this. The error cannot be high, because 
if there be one-half of tarry matter, capable of decom- 
posing a manganate, to 100 of coals, then the 99 of coals 
taken as carbon, which is near enoxigh for the case, will 
give 363 of carbonic acid, or there will be only 1 of tarry 
matter to 726 of carbonic acid. The acid must there- 
fore increase enormously before its accompaniment, the 
tar, can produce any effect. Besides, only a portion of 
this tarry or distilled matter is decomposable during the 
time of an ordinary experiment. It must not, however, 
be forgotten.’ 

^ From ^ On the Air of Towns/ pp. 30, 37. 
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‘EFFECT OF THE ATMOSPHERE ON STONES, BRICKS, 
MORTAR, 

‘ It has often been observed that the stones and bricks 
of buildings, especially under projecting parts, crumble 
more readily in large towns, where much coal is burnt, 
than elsewhere. Although this is not sufficient to prove 
an evil of the highest magnitude, it is still worthy of ob- 
servation, first as a fact, and next as affecting the value of 
property. I was led to attribute this effect to the slow, 
but constant, action of the acid rain. If it affects sub- 
stances with so great an excess of silica, it is not to be 
expected that calcareous substances will resist it long, 
and one of the greatest evils in old buildings in Man- 
chester is the deterioration of the mortar. It generally 
swells out, becomes very porous, and falls to pieces on 
the slightest touch. Some mortar in this condition, from 
a building behind the house of the Literary and Philoso- 
I)hic,‘d Society of Manchester, was examined. 

‘ 9'18 grs. of this gave7'57 of BaOSOa, or 28’33 per cent, 
of sulphuric acid = 48' 16 per cent, of sulphate of lime. 

‘ It is not to be wondered at that iron oxidises readily, 
and that galvanised iron is valueless in a divStrict where 
the acid rain •converts it at once into a battery. It will 
be observed that this style of roofing is preserved in exact 
proportion’ to its distance from manufacturing districts. 

‘ Iron by itself also becomes readily oxidised in this 
acid atmosphere. Bronze, too, is rapidly blackened, and 
articles of brass become affected to a great depth, losing 
their strength. I suppose the sulphurous acid forms on 
the surface a coating of sulphide of copper, whilst a sul- 
phate is washed away if exposed to rain.’ 


^ From ‘ On the Air of Towns/ p. 37, 1858, 
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‘CARBON ON THE SURFACE.* 

‘ The smoke of large' towns is guilty of an offence to 
the eye, and through the eye it offends us both intellec- 
tually and msthetically ; in other words, the darkness and 
gloominess react on the character, especially of those not 
accustomed to the place, in such a manner as to make 
them distinctly conscious of a change. Those accustomed 
to it are not conscious of the effect ; nevertheless it acts 
upon them in such a way as to destroy some of the finer 
instincts of perception of natural beauty. But this is a 
long subject and a difficult one, leaving room for much 
difference of opinion. The actual amount of carbon on 
Manchester buildings, although apparent, is very spiall by 
weight. It collects on the rough surfaces principally, and 
rough mortar soon becomes perfectly black, even when 
the red of the brick remains moderatelv clear. Eounh 
bricks also take it up in greater quantity than smooth, 
and become black in proportion to their roughness. 

4'4 X 4, or 17 '0 square in., gave of carbon T7 grains. 

3 X 2'7, or 8'1 „ „ '02 „ 

The last is equal to 320 grains — about three-quarters of 
an ounce or 21 grammes — on a wall 30 feet by 30. This 
is, I believe, a great deal above tlie jnark; at least, I 
believe, a house will appear dingy with a minute portion 
of this. The experiment might be performed on a larger 
scale. 

‘ The fact that the rough portions retain the carbon 
suggests a cure — viz., smooth bricks. Polished or glazed 
bricks and similar mortar would render the rain capable 
of washing the carbon off, but certainly it will be much 
better not to allow it ever to arrive there. The impor- 
tance of preserving the beauty of the original materials is 
daily increasing.’ 

‘ A cure for some of these evils ought certainly to be 
* From ‘ On the Air of Towns.’ 
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found. Already one cure for the evils connected with 
organic matter has been made known to us, and that is 
the removal of the impure matter by means of water. If 
disinfection were added to this, it might be made com- 
plete. The cure of the black carbon, or smoke-burning, 
is in the hands of every man. The smoke is always 
blacker as coal is cheaper. Our towns are not in earnest 
on the subject. 

‘ Mr. Holme, of Manchester, claimed the use of lime 
and of common salt mixed with the coals for removing 
smoke, but, finding hme of no value in giving the peculiar 
white colour to the smoke, he gave it up, and used salt 
only. On examining the effect of the salt upon the 
vapour, I found that it diminished the quantity of the 
sulphurous acid given off, and on examining the effect on 
the ashes, I found a greater amount of sulphur in them 
than when otherwise treated. I give here the result of a 
few experiments niade to ascertain the action of salt and 
coals. 

‘ Amount of sulphur driven off from a specimen of coal 
by distillation : — 

Coal alone, 

1. At a low red heat . . . '4G92 per cent, of sulphur. 

2. At a hif^her heat , . . *6656 „ „ 

3 . At nearly white heat . . *6765 „ „ 

Coal with Common Salt. 

4. With 6 per cent, salt *4526 per cent, of sulphur. 

6. „ „ at higher heat . . ’4843 „ „ 

6. „ „ nearly white . . *6567 „ „ 

‘ This makes a difference of 18 per cent, in the amount 
of sulphur sent off, the least being sent off by the mixture 
of common salt. It has, in fact, b^en long known that 
sulphur decomposes common salt, at least when the ele- 
ments of water can be readity supplied, but still more 
may we expect it when carbon, &c., assist. 
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‘ The remainder, or cinder, contained— 

From No. 3 . . . . . *4332 per cent, of sulphur. 

From No. 6 . . . . •6448 „ „ 

‘ Finding this result, it occurred to me that lime would 
be a much more. efficient substance for retaining sulphur, 
the salt, on account of the white fumes given out, being 
entirely inadmissible. I distilled some coal with the fol- 
lowing result : — 

Sulphur. 

Coal distilled alone . . . *4338 per cent, in the distillate. 

„ with 5 per cent, lime . . *1764 „ „ 

„ 10 if if • • '0511 ,, „ 


I fear, however, there is nothing practical here. 


‘DUST IN RAILWAY CARRIAGES. 

‘ When sitting in a railway carriage witli a friend (Mr. 
James Young, of Bathgate), that gentleman observed that 
the particles of dust which floated in the air seemed to 
shine with a metallic lustre. I immediately collected 
some, and found that the larger class were in reality 
rolled plates of iron, which seemed to hav^ been heavily 
pressed and torn up from the surface. Another and 
smaller class were less brilliant, and when looked at with 
a considerable power showed many inequalities of surface, 
which would be interesting to study. Probably these 
were the particles which were not torn up but rubbed 
off. The dust enters the mouth and lungs, and has to be 
taken as one of the evils of railway travelling, although 
we do not know that these small particles are worse than 
those of sand. At any rate, it is clear that gome kind of 
iron will wear down more readily than others, and wc 
ought to have that which will wear down least. By ob- 
serving what takes place in the carriages on a dusty day, 



every man may to some extent compare the iron of 
different railways. Those which give, off the largest 
pieces in greatest quantities, are to that extent the worst, 
as regards health. The shareholders may calculate the 
endiurance.’ ^ 

MODE OF ESTIMATING THE CARBONIO ACID OF THE AIR. 

The method now used for very exact determination is 
called Pettenkofer’s in its mature form, but, as with most 
other inventions, its early and later years have not been 
spent in the same place. 

Dalton, in 1802, used a bottle filled with 102,400 grains 
of raimwater, and says that if it ‘ be emptied in the open 
air, and 125 grains of strong lime-water poured in, and 
the mouth then closed, by sufficient time and agitation 
the whole of the lime-water is just saturated by the acid 
gas it finds in that volume of air. But 125 grains of the 
lime-water used require 70 grain measures of carbonic 
acid to saturate it.’ ^ The carbonic acid he found equal 
to T per cent, by weight. Dalton at that early period 
wrote correcting the estimate by Humboldt, which was 1 
per cent. 

In 1830 Mr. William Hadfield made experiments, 
which were published in the sixth vol. of the same 
Society’s memoirs. He says, ‘Mr. Dalton found in his 
enquiry into the properties of the several gases constitut- 
ing the atmosphere, that the quantity was only one 
1460th in volume, or 1,000th in weight, and since that 
time M. Saussure, of Geneva, has made abundance of ex- 
periments on the same subject, the result of which seems 
to show that the quantity is somewhat less than that just 
assigned.’ • 

^ * Proceedings of the Lit. and Phil. Soc. of Manchester,’ Nov. 18G6. 

* ‘ Mom. of the Lit. and Phil. Soc. of Manchester/ vol. 1, second series, 
l^aper read 1802. 
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‘M. Saussure’s method ia to procure a large glass 
globe of known capacity (one cubic foot or more), into 
which he passes a quahitity of barytic water, more than 
sufficient to neutralise the carbonic acid in that volume 
of air. By agitation the carbonic acid is united to the 
barytes, forming an insoluble carbonate of the earth. The 
quantity of carbonate so formed, being carefully ascer- 
tained, affords data for determining the quantity of car- 
bonic acid. 

‘ Mr. Dalton considers a globe of one-fifth of the size 
sufficiently ample, and uses lime-water of a well-known 
strength instead of barytic, taking care to have more than 
enough to engage tlio acid gas ; after the agitation and 
absorption, the residue of lime-water is poured out, and 
its reduced value is then ascertained, as it was before, 
by means of some test acid of a known strength. Thus 
data are gained for the calculation of the carbonic acid 
engaged to the lime. 

‘ In my investigations of this subject I have adopted 
Mr. Dalton’s mode, and from December 1828 to 1830 
the experiments have been made in a glass bottle of a 
balloon shape, of the capacity of 471 cubic inches, fitted 
with. a brass cap and stop-cock for the purpose. 

‘ The experiments of the present year (1830) have 
been made in a larger bottle, of the capacity of 498 cubic 
inches. The method of filling the latter bottle with air 
was a little different from that of the former, for, instead 
of filling the bottle with rain-water, as Avas the case with 
the first bottle, to get the air in, the end of a bellows- 
pipe was introduced into the latter and the air blowti 
in.’ 

Mr. Hadfield was a pupil of Dalton’s, and learned the 
practice that Dalton had begun, using lime-water to 
shake with the air, and afterwards sulphuric acid for 
ascertaining the amount combined. He obtained '80 

a o 



450 


AIR. 


volume carbonic acid per 1,000 of air. This is high 
for air generally, and, although he lived at Cornbrook, 
on the banks of a putrid canal, it must be much too 
high. 

Pettenkofer, of Munich, lately took up the subject, at first 
using lime, afterwards baryta, to remove the carbonic acid 
from the air, and oxalic acid to test the solution. The 
bottles in which the experiments were made were dried 
with great care, and the solutions of oxalic acid made very 
delicate. One cubic centimetre of this solution was made 
equal to a milligramme of lime, but it may also be made 
equal to a cubic centimetre of carbonic acid. The 
strength, however, must vary with the air. If the air is 
very bad, it is more convenient to use a stronger solution, 
as the amount required of a very weak one would be in- 
conveniently large. This change of solution according to 
circumstances is rather troublesome. An excess of 
baryta must be used, and well shaken with the air; the 
solution remaining is then tested with oxalic acid, to see 
how much is left uiicombiiied. The point of neutralis- 
ation is found by putting a drop of the liquid on a piece 
of turmeric paper. The use of the oxalic acid renders 
the test more exact, as it is not ajit to decompose the 
carbonate, a^d it makes this method Pettenkofer’s. 

The bottle I use is somewhat difiereut in shape from 
Pettenkofer’s ; it has a very wide mouth — such a jar, in 
fact, as is used by confectioners for sweetmeats. The use 
of the wide mouth is to allow the hand to enter, so as to 
clean and dry the jar ; this is done with a pure linen 
cloth, which has been well washed, first in acid and then 
in distilled water, till neutral. The use of the hand and 
cloth saves a great deal of trouble, and repeated analyses 
have provqd that from neither does any hindrance to 
accuracy arise. Instead of blowing air into the vessel, I 
draw it out with a flexible bellows-pump. In this I 
think I gain an advantage. When the bottle is cleaned 
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and dried, the baryta is added, and the elastic cover is 
then put on. (See drawing of the bottle and bellows.) 

All the experiments given in this volume, and all made 
for purposes requiring great exactness, are by this method. 
Tlie convenient and easy methods given for daily life do 
not aspire to scientific accuracy. 
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COAL-SMOKfe. 

FROM ‘REPORT UNDER THE ALKALI ACT,’ FOE 1868. 

Circumstances led me to examine the condition of the 
common smoke. It may be said not to lie in my jiro- 
vince, but the escape of muriatic acid into it occasionally 
was the cause of my attention. It was also interesting to 
know if, by analysing the escaping gases or smoke, the 
actual amount of air passing up could be found. It will, 
I think, be useful to many if I give an account of the 
results in full, and first I shall speak of the ordinary coal- 
smoke only. The experiments were made at the sugar- 
refinery of Messrs. Fryer, Benson, and Forster, who 
afforded every facility, and allowed me to make the 
blackest smoke occasionally for a few minutes ; the same 
permission being given by the city authorities. 

The height of the chimney is 200 feet. The earlier 
specimens of smoke were taken from the lower part, the 
later from a height of about 30 feet, where a hole was 
pierced. The speed of flow was 12 feet per second ; the 
diameter of the chimney at this part was 10 feet in- 
ternally ; the amount of coal burnt was 35 tons per day. 
I'here were six boilers, and many other fires. When 
taken from the lower part the following results were 
obtained in 1867 : — 


Carbonic Acid. 

Carbonic Oxi<lc. 

Oxygen. 

Nitrogen. 

G03 


13*89 

80*08 

6-46 

— 

11*23 

82*31 

609 

— 

12*14 

81*77 

7*93 

— 

11 

81*07 

6-69 

— 

14*04 

80*27 

7 

•72 

12*34 

1 79-94 

8*62 

4*41 

9*31 

1 77*76 

4 42 

— 

18*20 

77*38 
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These amounts were viewed as representing the smoke 
from the boiler-ranges, and they have been published in a 
former report. It was found, however, that, as various flues 
entered the chimney, the gases had not become properly 
mixed, and the speed could not be ascertained. If carbon 
alone were burnt, the amount of oxygen and carbonic 
acid would amount to 21, or within a small fraction of it ; 
but, as hydrogen is burnt also, there is an equivalent of 
oxygen removed, and the two gases form the watery 
vapour which is found in coal-smoke, independently of 
that which is obtained fr 9 in the air which supplies the 
fire. 

In November 1808 other specimens were taken, with 
results considerably different. It would seem that much 
more air was then passing up the chimney. Jlefore taking 
these specimens of black smoke, coals were thrown on 
rapidly, and the doors shut, so as to /:onsume as little of 
the smoke as possible. 

The amounts on November 21, 1868, were as fol- 
lows : — 

Black Smoke. 


Sugar-Works, Large Chimney. — From the Lower Opening, 
Novemher 21, 1868. • 


Gases. 

1. 

2. 

3. 

4. 

Carbonic acid, COo 

Carbonic oxide, CO 

Oxy^yen, 0 . . . . 

Olefiant gas, &c. C.IIg* . 
Nitrogen, N . . . . 

7-67 

None 

12-61 

None 

79-62 

7- 47 
None 

8- 11 
None 
84-42 

7-31 

None 

10-59 

None 

82-10 

7-13 

•62 

12-93 

None 

79-42 

100 

100 

100 

100 


Here only one of the four specimens contained car- 
bonic oxide. The blackest smoke was not formed on the 
first trial. The specimens were taken in Bunsen’s tubes ; 
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the tubes were narrow at the extremities where they 
were connected, and there was a j^reat difficulty in draw- 
ing out the gas. A cubic foot was passed through in 
order to clear the tubes. This was done by connecting a 
caoutchouc aspirator with the external one and drawing 
the aspirator open ; a process which required consider- 
able strength, both on account of the small size of entrance, 
to the tubes, tlie pressure of the atmosphere, and the 
chimney current. 

Another specimen was taken on November 5. 

Black Smoke. 


Sugar-Works, Large Chimney, — Samples taken at the Bottom of 
Chimney. November 5, 1868. 


Gasos. 

1. 

2. 

3. 

CO. 

'’7-25 

7-09 

7*07 

CO 

3S0 

4*4(5 

0 

0* 

7*41 

7*67 

7-92 

CJT,. 

Nono 

Nono 

Nono 

N 

81-54 ' 

80*88 1 

79-01 


100 

1 

100 

100 


Here we have carbonic oxide in every specimen, and 
in none of them a compound of hydrogen. 

Another specimen was taken on November 26. 

This time the opening to the chimney was made about 
30 feet above the ground, so as to obtain a better mixture 
of gases. 


0 found by absorption with pyrogallic acid in this instance. 
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Black Smoke. 


Sugar-Works, Large Chimney. — Samples taken from the Opening, 
30 feet above the grmind^ November 26, 1868. • 


Gases. 

1. 

2. 

3. 

4. 

CO, 

(H7 

6-75 

6-G2 

6-08 

CO 

1-55 

•18 

•02 

•57 

0 

12-22 

12-30 

13-24 

12-24 

IIydrop:en, IT 

Nono 

Nono 

None 

None 

Mnrsh-p-as, CII. 

V 

1 

•77 


a H,, 

•13 

ff 

None 

fp 

N 

70-93 

80-41 

80-35 

81-11 


100 

•100 

100 

100 


In every one of these carbonic oxide is found^and in 
two a carburetted hydrogen also. 

A specimen was taken on December 2. 

Black Smoke. * 


Sugar-Works, Large Chimney. — Samples taken 30 feet above the 
ground, Decetnber 2, 1808. 


Gases. 

1. 

2. 

3. 

4. 

CO, 

6-64 

G-32 

6-38 

0 

CO 

•40 

•98 

•20 

•34 


11-17 

11-86 

12-17* 

12-24 

n 

Nono 

None 

•40 

None 

CH. 

•02 

•78 

•52 

•64 

CJT,, 

None 

[ None 

Nono 

None 

N 

81-77 

80-06 

80-27 

80-88 

1 . 

100 

100 

100 

100 


Here, in the blackest specimens, carbonic oxide is 
found along with a hydrogen compound in all. 

It seemed remarkable that so much aiy should go 
away unburnt, and, thinking that this might be con- 
nected with exceptional conditions, specimens were taken 

' 0 found by absorption with pyrogallic acid. 
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from a smaller chimney, which served for very few fires. 
The results are : — 

' Black Smoke. 


Sugar-Works, Small Chimney. 


Gases. 

Samples collected Dec. 21, 
18G8. 

Samples collected Dec. 24, 
1868. 

1. 

2. 

1. 

2. 

COa 

3*51 

3*80 

2-84 

3-77 

CO 

•G8 

•69 

None 

•55 

CIL 

•45 

•11 


None 

0 

13-54 

1408 

18-40 

10-52 

N 

81-82 

81-03 

78-70 

79-16 


100 

100 

100 

100 


It was next needful to find again if any carbonic oxide 
escaped with common moderately brown smoke. * None 
had been found on any previous occasion, and specimens 
were taken from the upper hole in the large chimney, 
giving — 

Common Brown Smoke. 


Sugar- IVorks, Large Chimney. — Opening 30 feet high. 


Gases. 

Samples collected Dec. 9, 1868. 

Samples collected Dec. 16 

, 1868. 

1. 

2. 

8. 

4. 

1. 

2. 

3. 

4. 

CO, 

4-26 

4-14 

4-25 

4-38 

5-05 

6-06 

6-19 

5-34 

CO 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

H 

i> 

11 

M 

II 

II 

II 

II 

II 

CH* 

11 

fi 

„ 

II 

II 

II 

II 

II 

N 

79-11 

80-02 

80 92 

82-11 

80-54 

80-35 

80-18 

79-95 

0 

16-63 

16-84 

14-83 

13-61 

14-41 

14-69 

14-63 

14-71 


100 

100 

100 

100 

100 

100 

100 

100 


The smaller chimney was next examined for the same 
purpose, and it gave, December 21 — 
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Common Smoke. 

Sugar-Works^ Small Chimney. 


Gases. 

Collected December 21, 1868. 

1. 

2. 

CO„ 

2-53 

2-08 j 

CO 

None 

None ! 

CH^ 

♦> 

i 

0 

18-61 

17-7 

N 

78*86 

80-23 i 


100 

100 


It seems perfectly clear that the black smoke contains 
not only unburnt carbon, but unburnt gases. Thd actual 
amount of free carbon is small ; the amount of gas is large. 

Allowing one half per cent, of carbonic oxide, and 
as much marsh-gas to exist along with seven per cent, 
of carbonic acid, the amount actually obtained may be 
calculated thus : — 

Grammes. 

7 litres carbonic acid in 100 of black smoke « 13-76648 
•6 „ carbonic oxide „ ,, *62576 

•6 „ marsh-gas „ „ *35770 

The heat may be calculated thus : — . 

Units of Heat. 

8 *764494 carbon burning to carbonic acid x 8,080 = 30,336 
•2681 It oxide X 2,473 =* 663 

Total heat produced .... 30,900 
The carbonic oxide -62676 x 2,403 would give . 1,503 

The *36779 marsh-gas x 13,003 would give , 4,673 

Total heat if the gases were all burnt . 37,170 

When the carbonic oxide only is left unburnt, there is 
a loss of 4 per cent, on these amounts. The hydrogen 
of the coal was not estimated. During the time that the 
marsh-gas and other hydrocarbons escape there is a loss 
of 12*6 per cent. This, however, can last for only a short 
time. 
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Of course the black smoke cannot form after the more 
volatile parts of the coal are driven off, so that the per- 
centage i^ not on the whole coal, fnost fortunately. 

Carbonic oxide exists only in conneetion with the 
black smoke not permitted by Parliament, and it is for- 
tunate that it should be put down, as it is one of the 
most poisonous of all gases. 

Anotlier point comes oiit clearly. It is not from want 
of air or oxygen that the black smoke is not burnt, the 
amount of air here is found far in excess of that required. 
Now patentees have too much confined themselves to 
the supply of air, a commodity easily given but not so 
easily used ; the want is in reality heat. The air is 
present,, but it is carried away so rapidly along with the 
gases that it has no time to combine. It seems to be 
a matter of time. The reason for this opinion lies in the 
following experiments, published two years ago (in 18CG), 
but better placed here : — 

From a Common JTohse-Flre. 


Source of Gas. 


Carbonic 

Acid. 

Carbonic 

Oxide. 

Oxygen. 

Nitroger 

Gas from cbiiiinoy 4 ft. above 

I 

r -.a-. 

— 

1 9-0.3 

80-02 

tbe fire-place* 

i 

[ 1-05 

'38 

19-29 

78-08 

Gaa from tbe middle of a good 


\ 19-40 

-09 

— 

80-45 

lire 

1 

[ 20 IK ) 

•10 



79 

A great mass of coni over tbe 
fire, tbe gas taken from 

J 

^ 17-50 

— 

2-46 

80-04 

below tbe glowing mass 

A heap of glowing coal, gas 
taken close to the spot 
wliero carbonic oxide was 

I 

i 17-44 



•39 

82-17 


1 15-43 

3-49 

-96 

8012 

burning 


1 18-17 

2-48 


79-35 

Gas from tbe clear fire below . 


16-10 


4-95 

7895 

Gas out of the same fire at the 
upper part, one inch below 


^ 17-21 

— 

4-26 

78-54 

the surface 


[ 20-80 

-99 

— 

78-21 


Carbonic oxide sometimes escapes even here. 

We find that the slow combustion of a common lire 
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allows less air to pass, nearly the whole of the oxygon 
being taken up. This is quite in agreement with the 
known desire to increase boiler room, as it is ttfclmically 
termed, in order to increase combustion. The fires are 
slow, but the gases escaping are better burnt. 

This seems in contradiction to tlie desire expressed to 
increase the draught of chimneys in order to produce 
combustion. Tlie wisli may be explained by the fact 
that heat is increastKl, and combustion may be attained, 
in two methods — one by increased heat for a short time, 
and the other by moderate heat for a longer time. 

There is another mode* of explaining the non-com- 
bustion of the gases. It may be that the air does not 
mix with them until it has been tossed about foy some 
time. Indeed, we know for certain that flues may contain 
muriatic acid on one side and not on the other. In this 
case the necessity for heat, mi.xture and time is obvious. 

It must not bo supposed that it is meant that in all 
cases there is an excess of air when there is black smoko ; 
we might expect quite the contrary, but black smoke 
may and does exist with an excess of air. In flues, from 
puddling furnaces especially, it seems to mo that time and 
air only are wanting, but especially air well mixed, in 
order to obtain combustion. • 

I do not intend to jjropose any plan for smoke-burn- 
ing, although the experiments jjoint clearly in the direc- 
tion of keeping the gases longer heated, and it seems to 
me that I could point out instances in which this is 
successful. 

There are several furnaces which burn smoke perfectly, 
although, taking all respects, I do not know any furnace 
which has no disadvantage. It is seen that slow com- 
bustion with abundance of air produces jio carbonic 
oxide ; biit carbonic oxide is produced with rapid com- 
bustion, even if the air be in exce.ss, we must add, unless 
heat be continued. But it may also be formed by decom- 
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posing the carbonic acid by excess of carbon. The 
carbonic oxide found in black smoke was not formed by 
this method, because there was oxygen enough present. 
By the present methods of burning coal under boilers air 
is abundant in all cases examined, but heat is not con- 
tinued so long as to cause perfect combustion in most cases. 

Blast furnaces and similar fires are not included here. 
These furnaces give out carbonic oxide in great abun- 
dance, and the oxygen is altogether removed, as the 
analyses by Bunsen and Playfair show. The gas from 
these furnaces is taken down and burned with excess 
of air in many cases now, thereby removing a most 
poisonous gas and gaining fuel of great value. 

Other constituents of the smoke are water, soot, and 
sulphurous acid. 

Black Smoke. 

Water, Soot, and Sulphurous Acid. 

100 cubic foot of Black Smoke contained — 


Date. 

Water. 

Soot. 

Sulphurous 

Acid. 

November 18, 18G8 

Grains. 

Grains. 

Grains. 

33*48 

11 20 „ . , . 

707*41 

— 



„ 21 „ . . . 

1047*44 

18*62 



The water depends on the amount of hydrogen in the 
coal ; the sulphurous acid on the amount of sulphur in 
the coal. The soot contained a tarry substance of a 
brown colour ; it was dissolved out with ether. I sup- 
pose that carbolic acid, and other products of the dis- 
tillation of coal, exist there ; indeed it is almost certain, 
although, perhaps, it would be useful to make some more 
enquiry into this substance. 

We leani from these experiments why people prefer to 
make black smoke when they want a violent and sudden 
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heat. The amount of carbonic acid in the black smoke 
is greater than in common smoke, and so more coal is 
actually burned in a given time, and therefore more 
heat is given. At the same time the amount of waste 
is greater, and the gases are more hurtful. This has 
long been known, although not in this way proved. 

It seems to be the desire of all coal-burners to obtain 
a violent draught. Some persons have attempted to 
make the draught regulate itself by dampers, moved as 
the heat rises or falls. As we see that gases of the most 
combustible kind are formed by the coal, it is clear that, 
if the draught is obstructed, the fireplace and flues will 
fill up with these gase.s, which will burn with a rapidity 
rising up to an explosion when fresh air is allo^yed to 
enter. I have seen the result of two or three cases in 
which an explosion from this cause, or from a similar 
obstruction, had taken place, and have been led to spe- 
culate on the cflect of one, even a small one, if it hap- 
pened at a time Avhcn the boiler was in a state of 
considerable tension. It is exceedingly probable that 
the shock from below would cause an answer from 
within, which would burst the boiler. Whilst fully 
believing that too much air is taken up the chimneys, 
and an enormous loss of heat caused thereby, I am no 
less persuaded that there is an excess of gas occasion- 
ally in the fireplace, especially at the front’ and mo- 
mentary obstruction may extend it along the flues. A 
moment is enough when the speed is above 12 feet in a 
second. 

Whenever there is black smoke there is water in the 
smoke, because the black carbon is deposited from hydro- 
gen compounds, which burn readily. Pure hydrogen 
uncombined was not found. Sulphuretted hydrogen also 
seems to be always absent. Sulphur does certainly come 
from coals in combination with hydrogen, but it is so 
easily separated that it never reaches the flues. There 
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are several attacks on tlie hydrogen and sulphur com- 
pound, fortunately for us, as otherwise our towns would 
really be* uninhabitable when fires were smoking. Sul- 
phuretted hydrogen is decomposed by heat. When this 
occurs in the absence of oxygen the solid sulphur is 
deposited ; but, as we see, there is always air enough in 
the smoke for this event, and so the sulphur burns ; this 
is the chief source, if not the only source, of the sul- 
phurous gases arising from smoke. If any of the 
sulphuretted hydrogen remained unburnt, the sulphurous 
acid would itself decompose it, forming a deposit of 
readily combustible sulphur, and increasing the amount 
of the sulphurous acid. Then the gas itself is readily 
combustible, and forms sulphurous acid and water by 
burning. For these reasons that dangerous gas, sulphu- 
retted hydrogen, is not allowed to pass up our chimneys 
when burning coal. 

It may be asked why the vapour of water doe’s not de- 
compose in the presence of carbon, red hot as the carbon 
is, we suppose, before it issues in a black condition. 
There is a mode of consuming smoke which consists in 
simply blowing into the furnace a jet of steam. The 
eil'ect is instantaneous and remarkable. A clear flame is 
})roduced in a few seconds. This circumstance has pro- 
bably induced many j)ersons to attempt to burn steam ; 
it certainly has the appearance of burning, but these 
people do not consider that water is already burnt ; it is 
a ])roduct of combustion ; chemically speaking it is an 
oxide, and can burn as little as ashes can burn. The 
cause of the appearance is easily imagined. The water is 
decomposed by the heated carbon, whilst hydrogen and 
carbonic oxide, both combustible gases, are formed. 
These again, come in contact witk air, and then burn 
readily and clearly. The consequence is that no 
carbon appears in tlie smoke ; it is burnt by halves, by 
two processes instead of one; and the flame extends 
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itself forward, as a little time is required for these 
opei’ations. 

By one method of employing steam there i^ a large 
amount of air supplied at the same time. The steam, 
however, without the excess of air brought by it, 2)ro- 
duces, as it appears to me, good results, but that must be 
in cases where there is already abundant air and heat. 

Still the question arises. Why docs not the steam formed 
by the coal prove sullicient ? I confess this is not clear 
to me, and a little moie information is required. It is 
not, however, an absolute mystery, as we can readily 
imagine an insufficient quantity to be one cause and the 
want of good mixture another. We do know that air 
and smoke may rush together through ii Hue quite iin- 
niixed for .some time. 

It may now be asked. What is the result of this.? 

It is seen that the manufacturer’s interest is not to 
make black smoke, because it is expei/sive. 

The public are interested in its removal, because it adds 
an unwholesome gas to those gases and solids already 
contained in ordinary smoke. 

The excessive amount of air used entails an enormous 
waste of heat. This luis not been calculated. 

As to the mode of burning black smoke, the attempts 
of many have failed, because, although they supplied air, 
they did not at the same time consider heat, time, and 
due mixture. I have seen some very efficient methods, 
but it is difficult to say, in the majority of cases, 
whether they owed much of their result to the skill of 
the individuals. This much is clear, that so long as we 
use the primitive method of merely lighting a heap of 
coals under a boiler full of water in order to get steam, 
our results will be also primitive. What ^ else can we 
ex])ect ? 

No practical experiments were made by attempting to 
construct or to alter furnaces, as my object in these 
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experiments was not to burn smoke, but simply to under- 
stand a subject so frequently coming before my notice, 
and indirectly, if not directly, v^onnected with alkali- 
works. 

A FEW INSTANCES OF VARIOUS QUALITIES OF 
SMOKE (SO CALLED). 

It is well known that when there is abundance of air 
given to fuel at the proper time and place, the result of 
tlie combustion of carbon is carbonic acid. If, how- 
, ever, there is more carbon thSn air, the result is carbonic 
oxide. These are the general rules, and yet we find, on 
examining the smoke in chimneys, that there is an excess of 
oxygen at tlie same time that there is some carbonic oxide 
formed. Tl\e explanation does not seem difficult. Tlie 
air ruslies into the chimney over a great surface un- 
equally covered with coal ; some of this air is very little 
cliauged ; some of it, passing tlirough the most active 
part of the grate, is deprived of its oxygen, and even the 
carbonic acid is deprived of some, so urgent has been 
tlie demand. Tluu'e is no time to average matters ; the 
whole must be done in the time that the air passes 
through, let v.s say, eight inches of coal, or, at the very 
most, the length of the fire. The hottest part, generidly, 
is the first eight inches. That space is passed over by 
the air very rapidly; a common amount will be the 
twentieth part of a second, sometimes more, sometimes 
less. Now we know that even combustion, or chemical 
action, requires time ; if that were not the case, it would 
be impossible to blow out a flame, unless by a current 
continued long enough to cool the substance so low as to 
produce no gas ; whereas we may blow out a candle by a 
jerk, so to speak, of the air, whilst the gas goes on evolv- 
ing for some time after. Even a gas-flame may be put 
out by the gentlest puff, if it is sudden and exactly at the 
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apertuie. The reason seems to be that the flame is blown 
away before it has time to liglit the gas behind it. It will 
be blown out even if the air is warmer than the gas issuing. 

‘ When coal is burnt eveiy pound consumes the oxygen 
of 150 cubic feet of air; when there is one per cent, of 
sulphur in the coal this Avill be equal to '40 grains in a 
cubic foot of the smoke, or '92 of sulphurous acid, 
nearly one grain of sulphurous acid in a cubic foot of 
smoke.’ But the air is not supplied to the coal in tliis 
stinted way ; twice the amount is usually supplied, and, 
even four times the amount, with frequent cases where 
still more is sent up. • 

Burning coal with one per cent, of volatile sulj)hur : — 

A Cubic Foot of Smoko 
nttho Oitliiulry 
Tomporaturo contains 
Grains of Sulphurous Acid. 

Using 160 cubic feet of air to one pound of coal , 1 


ff 


300 

GOO 


ff ff 


•5 

•25 


When burning coal with two per cent, of volatile sul- 
phur double the amount is given out. 

When 300 cubic feet of air are used, a common quan- 
tity, and when there are two per cent, of sulphur in the 
coal, the amount of sidphurous acid in the smoke is 
2'2885 grammes in a cubic metre. , 

When muriatic acid escapes at alkali-works from the 
pan where it is formed, there is always some extraneous 
matter mixed with it. The deposit from it may be 
judged of from the following five analyses. 





No. 1. 

No. 2. 

No. 3. 

Iron peroxide . 

19-866 

26 940 

0-400 

19-483 

24-407 

Alumina .... 

3171 

4-614 

3.545 

3 906 

4-089 

Lime .... 

•371 

•486 

2-110 

1-383 

•482 

Magnesia .... 

•414 

•298 

•761 

*708 

•281 

Soda .... 

11*311 

2808 

24-093 

12653 

6-003 

Silica . 

6-049 

3-309 

13-020 

3 292 

4-160 

Sulphuric acid . 

63-212 

48-007 

48-695 

04-286 

26-220 

Chlorine .... 

2-141 

2 034 

•092 

2-278 

20-400 


U H 
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¥rom these it appears that there is some solid matter, 
and amongst it sulphates ; when time is given to deposit, 
the sulphMes take the opportunity better than the chlo- 
ride and muriatic acid, which are more volatile ; of these 
a little may escape through chinks. ‘ First Report under 
the Alkali Act, for 1804.’ 

There must be some other constituents not mentioned. 
Arsenic, for example, is found, as it is also found in the 
following. 

The deposit taken from the top of a blast furnace may 
be said to be the condensed smoke. A specimen from a 
furnace not now at workj — Walker, Newcastle — was 
analysed in my laboratory, and was found to consist of — 


Arsenic 

. *08 


Oxide of lead .... 

. *24 


Peroxide of iron 

. 23-35 

16-03 soluble j 
7*32 nearly 
insoluble. 

Alumina ' . . . . 

. 14-37 

0 

Silica 

. 20-63 


Sulphate of lime 

. 12-76 


Carbonate „ 

. 2-60 


Ijimo (probably with silica) 

. 2-12 


Sulphate of potash . 

. 0-66 


Chloride of sodium . 

. 4-89 


Sulphate of soda 

. 1-72 


Magnesia .... 

Carbon 

. 1-63 


. 1-95 


Lithium 

. Trace 


Vanadium .... 

• if 

98-90 



Another blast furnace, near Newcastle, gave a deposit 
of the following composition : — * 

Arsenious acid *08 

Oxide of lead *07 

„ cobalt Trace 


^ By a young friend in my laboratory, Mr. Wm. Browning. 

* Analysis made in my laboratory by my young friend, the late John 
Dnlziel, of Leith. 



COAL-SMOKE. 


467 


Oxide of manganese 



. -72 

„ zinc . 



. *14 

Sesquioxide of iron 



. 19-71 

„ aluminium 



. 11-09 

Lime .... 

• 


. 10-47 

Magnesia 

# 


. 4-27 

Silicic acid 



. 21-74 

Phosphoric acid 



. 2-70 

Carbonic acid . 



. -16 

Sulphate of lime 



. 4-35 

Hydrate „ 



. -37 

Sulphate of potash . 



. 9 

Chloride of potassium 



. 2-33 

,y sodium 



. 3*06 

Lithia .... 



. Trace 

Carbon . . • # • 



. 362 

Sand .... 



. 4-40 

Moisture 



. -80 


9!)-17 


There are many works sending out other gases into the 
air. There are sulphuric acid works in great abundance. 
Some are innocent, or nearly so, but vfery few. They are 
improving, but a little pressure would hasten their im- 
provement. They send out both sulphuric acid and 
nitrous acid, and, we may add, sulphurous acid, with its 
general accompaniment of aisenic when pyrites is used. 

There are coj)per-works which burn pyrites, and send 
out enormous (luantities of sulphurous acid — ^^lot, of course, 
quite pure, but mixed with metals. Of these arsenic is the 
most common, and a little copper there must be. Of 
these works there are two Avhich condense a large por- 
tion of their acid. Messrs. Newton, Keats, and Co., St. 
Helen’s, condense above a quarter of all that comes from 
roastings of fresh ore. 

There are also manure-works making superphosphate 
of lime, and sending out in many cases compounds of 
fluorine, besides sulphuric acid, when it is manufactured 
at the spot. 

Glass-works and works for earthenware are also not 
quite innocent, sending out sulphur acids when sulphate 

n n 2 
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ot‘ soda is used, and hydrochloric acid when common 
salt is used. 

In the “Eourth lleport under thd Alkali Act, 1867,’ a list 
of works capable of being nuisances was given according 
to the French arrangement. I may refer to that as very 
fairly stating wliat may occur. See Appendix. 

Alkali-works, notwithstanding their supervision, give 
out muriatic acid more or less, although in some cases it 
is very little. They all manufacture sulphuric acid, and 
therefore send out sulphur vapours at times, and nitrous 
gases. I'he muriatic acid is not perfectly pure, but con- 
tains arsenic, as does the sulpliurous. Mr. Henry Arthur 
Smith has lately found in the acid, leading to the con- 
denser from the pans where the salt is decomposed, '158 
grains in 1,000 cubic feet, as a mean of 12 analyses, 
making the total in a day 115 grains from a pan. 

This may be considered small. 

In the chimney of the same works he found per 1,000 
cubic feet ’OSG grains of arsenic. 500 cubic feet of air 
were used in each experiment. The coke from the tower 
of the same works was found to contain 2‘880 per cent, 
of arsenic, and a great deal in some of the deposits from 
the pan gases. 

Arsenic and Copper. 

Mr. Dugald Campbell some years ago found arsenic in 
iron pyrites in so many places — coal, I believe, included — 
that one was inclined to believe it a constant accompani- 
ment. I looked for it in coal pyrites, and then found it 
in thirteen out of fifteen specimens ; so that we must now 
add arsenic to the number of impurities in the atmosphere 
of our towns. True it has not been obtained directly 
from the atmosphere, but we must believe it to pass 
into the air with the sulphur. One or two coal brasses 
(as the pyrites in coal is called) contained copper, a metal 
that is also to some extent volatilised, as may be readily 
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observed wherever copper soldering takes place. Although 
an extremely small amount of copper is carried up from 
furnaces, it is not well entirely to ignore it. The jimount of 
arsenic, however, is very likely not without considerable 
influence ; and we may probably learn the reason why 
some towns seem less affected than others by the burning 
of coal, by examining the amount of arsenic as well as 
sulphur.^ I do not doubt that the amount could be esti- 
mated in the air of places where there are many copper 
works. Other metals might be mentioned. 

‘ACTION OF THE AIR ON THE BLOOD.* 

‘ No conclusion seems to have been arrived at re- 
specting the exact nature of the effect on the lungs of 
tlie atmosphere of large towns and that supplied pure by 
nature. Many persons believe that i^o difference really 
exists, and that the different effects which are supposed 
to be experienced arise, in reality, from the different con- 
ditions and occupations of life. Not later than this week 
(in 1859) evidence has been given in a committee of the 
House of Commons ignoring any such differences. The 
phenomena which I have just explained will, I trust, put 
all question aside, although I feel assured ‘that to those 
who have already studied the subject no proof of actual 
difference was needed. 

‘ The question might now be asked. What is the method 
by which tlie air of towns affects human life? The 
answer always has been that it is principally through the 
medium of the lungs, and that the blood must in time 
become somewhat altered. That delicate and mysterious 
liquid has not, so far as 1 know, been made to explain 
tlie reaction. • 

* ‘ Proceedings of the Mnnclicsler Lit. and Phil. Soc., Oct. 10, 1800.’ 

* From paper K.)n the Air of Towns/ ^Quarterly Journal of the Chern. 
Soc.’ 1850, pp. 20-Jia 
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‘ Finding that an artificial test was capable of indi- 
cating the state of the air, it seemed to me probable that 
the bloodf being in reality more ddicate, at least with the 
assistance of time, might also undergo some peculiar 
change which might be made sensible to the eye. 

‘ I passed some ozonised air through blood, and found 
instantly a remarkable reddening. I then passed the 
common air of Manchester through another portion of 
blood, and obtained, after a few minutes, a very red 
colour. The effect of a very small amount of ozone, 
even a bubble of the ozonised air, was sufficient to give 
a maximum of brightness. ‘The phosphorous vapours 
were not removed from the air, and I am aware that 
many substances in small quantities brighten blood. Of 
these phosphoric acid is, I believe, one, but no such 
marked result was got by the acid alone. 

‘ Having familiarised myself with the appearance j)ro- 
duced by shaking a measimed portion of blood with a 
given amount of air, with rqjeatcd variations for several 
days, using both new and old blood, I proceodtKl to try 
the same at the sea-side. It was found that blood 
diluted with an equal volume of water was most con- 
venient for many of the experiments ; for, although the 
colour and .all the changes arc somewhat different, 
the comparative results are exactly the same. It also 
very much' assists the observation to have the results 
confirmed by both conditions. Tlie blood also keeps 
longer when diluted. Of course for many observations 
to dilute the blood is to destroy it. I had found that 
the experiments were not altered in character by using 
blood two or three days old, or even much older ; but I 
so contrived as to begin the experiments at the sea within 
three houra after leaving them in Manchester, so that 
both the eye and the material might come fresh to their 
work. 

‘ I expected that the large amount of ozone in sea- 
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air would rapidly redden the blood, and that the redden- 
ing would be much greater than in Manchester. The 
effect was otherwise ; it was decidedly less, and much 
less. The trials were repeated at various periods of the 
first and the next day, and with uniform results. It was 
not easily explained, but it was at least satisfactory to 
know that there was a difference. 

‘ Finding that phosphoric acid in small quantities gave 
a lighter colour to the blood, I tried also minute quan- 
tities of sulphurous acid. The blood by this means is 
made less clear, as it seems to me, of a lighter but not 
such a rich red ; after a while it becomes darker. 

‘ In order to obtain air perfectly free from the acid 
impurities of the town, it was passed through caustic 
soda into a bottle of the same size always u.sed in the 
experiments, and air from the town was introduced into 
another. An equal amount of blood was ])oured into 
each without removing the stopper, bjf the means already 
described. When shaken it was plainly seen again that 
the Manchester air caused a greater transparency or a 
lighter red. 

‘ By these experiments, in which I got no contra- 
dictory results, I conceive it is shown that the atmo- 
sphere of a town has a peculiar effect on the state of the 
blood, an indication of which is capable of being ren- 
dered distinctly perceptible to the ordinary eye. This 
will, in course of time, act for good or evil on the con- 
stitution. I say for good or evil, because, although I 
do not for a moment doubt the superiority of that con- 
dition of the atmosphere which nature has given us to 
breathe over all other conditions induced by us, I can 
imagine that circumstances might arise where such a 
change as this alluded to might be favoyrable, or, in 
other words, where the atmosphere of sucii a town would 
have a fiivourable curative effect. 

‘ That is, we have an abnormal reddening caused by 
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add vapour, but, although greater, not productive of an 
identical effect, because not effected by the oxygen only, 
which is* the agent for the natural decomposition re- 
quired. 

‘ If acids assist oxidation of the blood in the same 
manner as they do the oxidation of many other bodies, 
then they cause the action of the lungs to go on more 
rfipidly and hasten the current of animal life, producing 
that greater restlessness of tlie system which is the pecu- 
liarity of great towns. I am inclined to believe that, by 
followung up this enquiry, such questions will receive a 
distinct answer. As the blo<5d is such a delicate test, it 
is highly probable that the true action of various climates 
will best be known by studying in this manner the 
direct action of the atmosphere; it is true that an in- 
organic test capable of similar changes would be more 
convenient, but many will be needed to supply the^ mani- 
fold character of blood itself, and all the substances that 
can be used may still produce united effects, explaining 
less than one experiment with blood. 

‘ If the true explanation be found in the increased 
oxidising effect of the air of towns, the carbonic acid will 
not be so hurtful in the air as the sul[)huric, although 
the latter exists in such small quantities. Mineral acid 
fumes, I know by too much experience, are exceedingly 
irritating tb the nervous system. At the same time I 
am not aware of any experiments with carbonic .acid and 
the blood beginning with a natural, wholesome amount 
and rising up by ’01 per cent, at a time. I tried only a 
few hastily, with minute amounts, but got no such results 
as by sulj)huro\is acid (see others made since). 

‘ If, then, the eye can see those changes in the blood, 
it is not to ,be wondei-ed at that tho.so minute portions 
amongst which chemical changes act should, by their 
accumulated agency, influence the whole phenomena of 
life. 
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The plan of estimating the carbonic acid will give 
also every other acid equally, but, when it is desired to 
know of any effect arising from acids stronger than 
carbonic acid, the blood itself may be used as a test. 
This, however, in the hands of anyone who does not 
accustom himself to it, may give fallacious results, as 
the effect is best seen after many comparative observa- 
tions. 

‘ Tlfb value of these tests will be known only when it 
has become a common experiment, and an easy one, to 
ascertain the purity of an atmosphere and the efficiency 
of systems of ventilation, disinfection, and general puri- 
fication. 

‘ I can readily imagine cases in which a fallacious 
result will be given — when for example, the air is richly 
laden with the perfume of flowers. Probably the ma- 
terials producing the odour will be decomposed like 
putrid matter ; but this must be left fo further enquiry. 
Even in such cases a great preponderance of odour is 
found prejudicial to the health, and the luxurious per- 
fumes of autumn border closely on and readily pass into 
unwholesome emanations. 

‘ The breath is very variously affected, as we may sup- 
pose, by the state of health. I did not, Jiowever, find 
that it was capable, in the few cases tried, of decomposing 
as much permanganate as the worst cases mentioned of 
air out of doors in unclean or Crowded places. I found, 
however, remarkable differences in the amount of organic 
matter in the breath when sweet and when disagree- 
able.’ 

It appears that in this paper I tried to account for the 
more exciting life of towns by the very agents which 
I considered unwholesome — namely, the acid gases — sup- 
posing them to assist the oxidation of the blood, and 
.supposing also that the reddening proved oxidation. We 
know they do aid this action in many oases ; the blood 
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thus artificially oxidised might, of course, both be pro- 
ductive of excitement and less invigorating. It is a 
speculation, but the facts are worthy of observation. 


TIS13 OF ASPIRATORS. 

It has been said that the use of aspirators for drawing 
air through solutions was not found a safi; method. This 
is more especially true when the substances are very 
minute. The amount of solution required is sometimes 
inconveniently great. The substances that pass through 
solutions are minute solid bodies in parts ; this is espe- 
cially tjie case witli such as are slightly touched by oil, 
such as the carbon of smoke. This body is not moist- 
ened even by considerable shaking with a watery liquid. 
The difiicidty is not sufficiently removed by increasing the 
surface by the use of moistened solid bodies. There is, 
however, another and gi’catcr difficulty. When aspirators 
are used it is necessary that the air slionld be drawn 
through tubes, bottles, or passages of some kind, generally 
of these tliree kinds, and the substances sought may be 
deposited in any one of these places. The sides of the 
tubes and bottles seem rapidly to take up the solids. We 
see this in the case of the muriatic acid of towns, where 
it exists we* may suppose as common salt, if part is not in 
chloride of ammonium. A large portion of the sulphuric 
acid also adheres probably in chief part that which is 
combined with ammonia. When passed through solution 
the amount of hydrochloric acid obtained per million 
cubic feet is 9'9, 12, 14, 18, 34, and 56 grains, and by 
shaking a solution with the air, above 100 ; but if tubes 
and empty l^ottles are used, sometimes the whole is taken, 
as in the two cases given, where it was very low — 12 to 
15, if these experiments were of any value beyond show- 
ing how much was lost. The fact of any whatever bcin^ 
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taken up is inconvenient; the salts spoken of may bo 
washed off, but all solids cannot be so removed. I have, 
therefore, given up the method for highly refined work, 
such as the examination of the air is, when we deal with 
substances which we cannot weigh. 


Air — Aspiration through Solutions. 


Place ; Date, 1868 ; Weather. 

Hydrochloric Aeid. 

Sulphuric Acid. 

Propor- 
tion of 
Hydro- 
chloric to 
Sulphuric 
Acid. 

• 

Grains in 
1,000,000 
Cubic 
Feet. * 

Grammes 

in 

1,000,000 

Cubic 

Metres. 

Grains in 
1,000,000 
Cubic 
Feet. 

Grammes 

in 

1,000,000 

Cubic 

JVletres. 

Manchester. 






Grosvenor Square (a) 

34 

77‘8G 

Not de- 

Not de- 






termined 

termined 


Hack of Laboratory (b) , 

5G-34 

120018 

— 


— 

Hack of Laboratory, from 

1)!X) 

22G71 

426-50 

9G2-945 

1 to 42-47 

June 20 to July 8 ; fine, 






warm (c) 






Back of Laboratory, from 

120G 

28 991 

298 

C82-420 

1 „ 23 53 

July 14 to August 1; 






fine, and very warm (rf) 






Back of Laboratory, from 

18-51 

42-388 

Not de- 

de- 

— 

October 21 to October 30; 



termined 

termined 


wet most of the time (e) 






Back of Laboratory, No- 

14-55 

33-319 

— 

— 

— 

vember 18 and 19 ; fine, 






cold (/) 







In the first two experiments no long tube branching out from the washing botrlo 
was attached, but in the case of the other four such a tube was used. It has been 
found that such a tube retains the HCl, hence the difference in tlio quantities. If 
the average of the first two amounts of hydrochloric acid bo taken and compared with 
the average of the two sulphuric acid determinations, the proportion of HCl to SOg, 
is as 1 to 7 95. 

(a) Solution of nitrate of silver used. Solution became dark. (h) Very 

dilute solution of soda used. (c) E. wind during four days, W. wind during 

five days. (d) Solution of soda used. AV. wind. (c) Pure water used. 

W. and NW. winds. (/) Pure water used. N. and NE. winds. 
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Air — Aspirator. Experiments with Tube and Empty Bottle. 


Hydrochloric Acid 
retained by Anpty 
Dottle and Tube 

Hydrochloric 
Acid retained by 
Turo Water. 

Sulphuric A-cid re- 
tained by Bottle 
and Tube. 

Sulphuric Acid 
retained by Pure 
Water. 

Qrains 
ill ono 
Million 
Cubic 
Feet. 

Qrammes 
in rzno 
Million 
Cubic 
Metres. 

Grains 
in one 
Million 
Cubic 
Feet. 

Grammca 
in ono 
Million 
Cubic 
Metres. 

Grains in 
one 

Million 
Cubic Feet. 

Grammes 
in one 
Million 
Cubic 
Mttres. 

Grains in 
one Mil- 
lion Cubic 
Feet. 

Grammes 
in one 
Million 
Cubic 
Mf^tres. 

12-60 

28-854 

None 

25 

67 25 

116-90 

267-701 

1517 

34-739 

M 

42-43 

97-165 

60-34 

1. IS- 178 

Trace 

Trace 


1 

68-58 

157*048 

203-22 

466-374 


, ORGANIC AND ORGANISED MATTER. 

It is very important to distinguish between dead 
organic matter which may be iioating in tlie atmosphere 
in a soluble or in.soluble state, and living organic matter 
whicli can only be in tlie latter conditiozi. TJiat oi'ganic 
matter, the dtibris of living bodies, exists in the air we can 
show by incontesUvble proofs ; but, even if it could not by 
any nieans bo taken out of the atmosplierc, so as to bear 
witness for itself, we might be assured by a very simple 
mode of reasoning that it did exist there. We see 
befoi'c us great masses of living matter pass yearly into 
the atmosphere ; a yearly crop of animals and plants are 
disj)osed of, and evidence powerful to the most careless 
senses shows that it does not pass off as pure air. It 
seems quite marvellous that men generally should so 
long have neglected the simple facts of the case ; but it 
seems still more marvellous that they should have so 
long hasitated and disputed after abundant proofs had 
been set before their eyes. These proofs were of two 
classes. Thd first were the instinctive observations, if we 
may so call them, of the multitude, and these science has 
always licen ready to despi,<c ; whereas, if it had a proper 
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appreciation of the greatness of even untaught human 
nature, it would gladly folhnv and learn to explain its 
utterings, no matter how incoherent may be the^sentences 
and strange the language. The second class of proofs 
were given by the few gifted men Avho had carefully 
thought on the subject and made it abundantly clear. 
But modern thought required everything translated into 
its own peculiar dialect, and perhaps our conceit at the 
discovery of methods,^wliich we believe to be more exact 
than of old, has driven us moderns also to find mnv 
proofs for ourselves. We must add also that the 
result has been greatly tt> extend the details of our 
knowledge, although the principles may be still little 
changed. 

It is now known that, by the most complete action of 
the air, the organic matter of living things jiasses into 
the condition of the few gases and vapours of which 
it has been originally composed ; bht there is a less 
com])lete action, seconded by an internal commotion of 
the particles themselves, which breaks organic bodies 
into numberless forms. By the assistance of water great 
volumes of animal and vegetable matter of a solid charac- 
ter split up and pa.ss off as gases and vapours ; and so 
rapid is the action that we can see the bubbling caused 
by their escape, which takes place with a speed such as 
might be likened to boiling by aid of fire. So general 
are these chemical actions that we may consider them as 
the recognised method of dealing with living things. It 
is nature’s mode of burial. If these gases are carefully 
examined, they will be found to contain bodies of or- 
ganic character ; fatty matters can be readily recognised, 
among others, and these require a greater time and 
more play of the air for their complete conversion into 
inorganic substances. These constitute some of the float- 
ing bodies which we so fear in the atmosphere, but not 
them all. 
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Having already, in another volume,* given a decided 
opinion legarding the theory of the action of germs in 
organic Jicpiids, I may give here only the general 
view taken, and then discuss one or two points, as 
far at least as my observations and a non-medical educa- 
tion fit. 

I held it proved that rapid decomposition, such as 
fermentation and putrefaction, does not go on without 
the presence of organisms, and that Pasteur had made 
this clear, although lie had not be^un the idea. I could 
not see that the other great theory, that of Liebig — 
namely, that organic decomposing matter communicated 
its action by its own activity — had been yet applied suc- 
cessfully to fermentation and putrehiction. 

The history of this one part of the subject, the action 
of organic germs, is long. (See the beginning under 
‘ Marshes.’) Only a few points are to be given here. It 
was found by Dusch and Schroeder that when cotton wool 
filled up the entrance to a vessel containing flesh, putre- 
faction might be delayed for months, as if the active 
bodies were liltered out by the wool. When I tried a 
similar experiment, and passed air through cotton fibre, 
the micros(!ope showed that solid bodies had deposited 
ujion it. In this, as in some other cases, I sought the aid 
of Mr. Dancer, who confirmed my observation. When 
the cotton was put into water the salts and acids of the 
atmosphere, all the soluble substances no doubt, were 
waslied out and could be detected and estimated in the 
liquid. I cannot, however, say that I ever washed the 
fibre so as to bring it to its original condition. 

Pasteur had found that if the air was allowed to pass 
through long tubes, it lost the power to excite decom- 
position, the active agents being deposited on the sides 
or walls of ‘the tube. In a similar way, but after him, 
when examining the air, I found that even salts and acids 
* ^ Disinfectants and Disinfectior/ 
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were deposited iu the tube ; and if a long tube were 
used or a large bottle made to form part of the passage 
of the air, the sides took up such a large portion of the 
solid matter that no intelligible result could be ob- 
tained. The matter seemed to be lost. It took me 
long to believe that the sides of the tube could be so 
efficient.^ 

Many experiments have lately been published on the 
efiect of heat in destroying the smaller forms of life 
and in preventing their formation. There are two ques- 
tions — Are they killed by boiling water, or by a tempe- 
rature not far on either aide of it? and can they re- 
appear without the organic substances being brought to 
the atmosphere? I have tried many scores of experi- 
ments on a point allied to this, but it was not attempted 
to trust to the microscope ; I looked rather to decompo- 
sition or putrefaction as a test ; and, taking this, I know 
of no instance where it failed to sho^v that heat, little 
above boiling water, was destructive of those agencies 
which cause putrefaction. Now, as the belief in the 
agency of organised forms causing putrefaction was firm, 
the presumption was natural that organised forms were 
destroyed, and did not again appear. There is, however, 
another step ; the air contains many organised forms, and 
we do not know to which this activity is owing. If bac- 
teria, &c., appear when there is no decomposition, it can- 
not be owing to them that decomposition begins. The 
flesh will not, within two years, putrefy without the assist- 
ance of substances in the air which have not been treated 
like that air which has been heated along with the meat. 
My belief is that it will never decompose after any 
number of years, but one may keep these beliefs separate 
from experiment. 

StiU further, if the flesh be highly heated, it will not 
putrefy even in the air, or it will do so very slowly, 

' ^ Fifth Report under the Alkali Act, for 1868/ 
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according to the amount of heat applied. This is a 
subject for future enquiry, like many others, I fear. 
Heated t^ from 230° F. to 275° F. the solution may be 
kept in the air — that is, in a bottle half-filled with air — 
even for years without becoming putrid. 

I drew these conclusions: — 1. That boiling water, and 
even less than boiling water, if time were given, de- 
stroyed those substances, whether organisms or not, which 
j)ro(luced putrefaction. 2. That these did not form again. 
3. That one must be careful in* dealing with animal 
fibres, &c., to prove that they really have not undergone 
such a change as to be actually different substances after 
long exposure to heat. We may be led far wrong. 4. 
That the living fonns which cause putrefaction are not 
known to us — that is, if any living forms wliatever appear 
after exposure to high heats, they are not those which 
cause putrefaction. That they do appear is not*my asser- 
tion. It may be said that this leaves a loophole for those 
who say that the organisms are not the causes, but are 
only accidentally present. Allowing this to be true, we 
must take the evidence as it stands, and it would not in- 
jure us to have moi’o evidence, althougli I take the 
opinion of the other side until that evidence is produced 
against it. 

The questions regarding organic matter in the air 
and organised matter are somewhat mixed together in 
their origin, and are only now beginning to be treated 
separately. The real question in late days is not the 
presence of organic or even organised bodies ; we require 
to discover now the quantity, character, and functions. 

It is sufficiently known that the bodies cannot be 
gaseous, and if organised, they must be solids. We have 
many speculations as to their origin, but some bodies, 
such as those forming the red covering of snow, not un- 
frequently seen, and others believed to have come from 
volcanoes, have enabled men to prove both organic and 
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inorganic constituents in the air. Some of these have been 
believed to be meteoric and not volcanic. Only lately, 
whilst this passes through the press, Ehreidjerg has 
furnished us with numerous forms and a long and labo- 
rious history. 

Indeed, for some time attempts have gone in the 
direction of measuring the quantity of matter in a com- 
parative way, and there was more an inclination to look 
at the amount and tlje state of decomposition than the 
form, which latter must now be im])ortant. Although 
the idea of life existing in the air was made out suffi- 
ciently clear as an occasional or even common thing 
before Pasteur wrote, he fimt gave the substances duties 
to perform, giving, in fact, a finish to the empiiry up to 
this stage, right or wrong ; namely, that putrefaction and 
fermentation are begun only when there are present in 
tlie air bodies which are not gases or vapours, but solids, 
and have an organic stru(;ture or are living. 

Dr. Dundas Thomson did some excellent work, pub- 
lished in 1852 by the Medical CWncil of the General Board 
of Health. lie has given drawings of the substances 
found in the wards of a cholera hospital, in the atmos- 
phere of a sewer, and in the external atmosphere. It is 
better to give his own conclusions than any description : — 

‘ 1. That in the atmospliere of a cholera ward mechani- 
cal matters were diffiisecl throughout the air derived from 
the inmates ; that sporules of fungi and germs of vibriones, 
or vibriones themselves, were obtained by filtration from 
the atmosphere ; all of these bodies being adulterations, so 
to speak, of the pure oxygen and nitrogen, which alone 
constitute the wholesome predominating constituents of 
the elastic fluids destined for respiration. 

‘ 2. That from a ward only partially filled with patients 
affected with cholera, substances were separated which 
were mechanically dispersed to the very summit of the 
apartment, mixed with fungi or their sporules, while no 
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vibrionQs, unless in the form of faint traces, could be 
detected. 

‘ 3. Th^t in the atmo.sphcre of -an empty ward, com- 
municating, however, with a ward containing cholera 
patients, mechanical matters were obtained, and traces 
of fungi and perhaps of vibrioncs. 

‘4. That in the external air adjacent to an hospital 
substances mechanically distributed were likewise found, 
and sporules with fungi were also detected to a consider- 
able extent, but no vibrioncs. 

‘ 5. That in the atmosphere of a sower, bodies were 
also found in mechanical diffusion, associated with sporules, 
fungi, and vibrioncs. 

‘ 6. That the air obtained under the three first con- 
ditions from wards possessed an acid reaction, that the 
external air likewise indicated a similar chemical con- 
dition, and that the sewer atmosplicre was alone alkaline. 

‘ 7. That although animal and vegetable life seems 
unequivocally to be diffused through cholera atmospheres, 
it would bo premature to infer a “ connection between 
the disease and those organisms until comparative trials 
have been extensively made on other conditions of air ; 
and that the present researches must only be considered 
as a single stone phaced as a contribution towards the 
foundations of a large structure.” ’ 

The work’ of Dr. Thomson was well done. It is a 
pity that he could not give yeare to continue it. The 
air was drawn through cooling apparatus and liquids, 
such as water and acid, by means of an aspirator consist- 
ing of an air-tight cistern of wood lined with zinc, and 
of the capacity of 16 cubic feet. 

This work was done with a view mainly to the theory 
of the propagation of disease rather than with any 
relation to putrefaction, but the two have been put 
together by medical men from time immemorial. 

As already mentioned, it was when working at disin- 
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fectiou for the Eoyal Commission on the Cattle Plague, 
that I began the system of collecting the solid matters by 
simply washing the air by shaking pure water in a bottle. 
The solid matters aie removed by the water. The 
idea was taken from the previous permanganate process, 
whicli I had worked in a similar manner. By this 
method it is found in a very few minutes that solid 
bodies are taken out of the atmosphere. This operation 
shows to the naked qye the difference between good and 
very bad air, so far as .solid matters are concerned. The 
licpiid may be at once tran.sferred to the microscope and 
examined. Forms will be %een, but usually no motion for 
some time. 

It invariably hapjKjns that the air of the country takes 
many more bottles to produce an effect on the water 
perceptible to the eye. The air of a cow-house will give 
an appearance to the water which will not be caused by 
good air, unless from fifty to one hundred times the 
amount is used. The air at the front street is decidedly 
better by this test than the air behind the houses, in such 
towns at least as have open middens. This is a remarkable 
fact, and it can be shown by the rude apparatus indicated 
to any moderately good eye, but still better by the aid 
of a good microscope. Even a good pocket-magnifier 
will assist much in showing differences. The first ap- 
pearance is that of a slight milkiuess, but, when examined, 
many points are seen floating, and after a while some 
are found to be elongated ; the latter are, in fact, minute 
hairs or filaments of various kinds. If allowed to stand, 
more varieties are jx;rceived, and more motion of a 
decided kind. The molecular must not be mistaken for 
the animal motion. Although for many years previous 
quite familiar with motion in substances from the air and 
with organic matter, I had never obtained such a variety 
as on the occasion of examining the cow-houses during 
the cattle plague, and I looked a good deal to my friend 



484 


AlU. 


Mr. Dancer to describe them. lie has done so very 
fully so far as known bodies are concerned, and I shall 
add his pjfper, or most of it, beginning with mine read 
in 18G8, in Manchester.' 


A SEAUerr FOR SOI-ID BODIES IN THE ATMOSPHERE. 

I liave so frequently for many years attempted to find, 
and have found, organic substances which have passed 
from the air into the liquids in which they were collected, 
that perhaps the Society will scarcely attend to another 
attempt, although it indicates, I think, some progress. 

Whilst examining some matters relating to the cattle- 
plague I found one or two remarkable points. I had 
before that time use,d aspirators to ])ass the air through 
liquids, except in the oxidation experiments. At that 
time I used simply a bottle which contained a little water. 
The bottle was filled with the air of the place, and the 
water shaken in it. The diU'erence of air was remarkable. 
A very few repetitions would cause the liquid to be 
muddy, and the particles found in many places were dis- 
tinctly organic.' 

Before speaking of my last ex])eriment, it may interest 
the Society first to hear of a few of these previous at- 
tempts, the latest made till recently. I shall therefore 
quote from a report to be found in the appendix to that 
on the cattle plague. 

‘ Mr. Ci’ookes also brought me some cotton through 
which air from an infected place had passed. It -was ex- 
amined at the same time. Taking the cotton in the mass, 
nothing decided was seen ; but when it was washed, some 
of the separate films were coated over with small nearly 
found bodies presenting no structure, or at least only 
‘ See Publications of Lit. and Phil. Soc. 
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feeble traces of it, and perhaps to be called cells. I had 
not sent gun-cotton, as I intended, to Mr. Crookes, fearing 
the rules of the post ; otherwise there would •have been 
more certainty that the bodies spoken of did not exist 
previously on the cotton. However, Mr. Dancer, who 
has examined cotton with the microscope oftener than 
most jiersons, even of those experienced in the .subject, 
had never observed a similar appearance. 

‘ The liquid had aj.so a numbei' of similar bodies float- 
ing in it. 

‘ It was then that Mr. Crookes sent a liquid Avhich he 
had condensed from tlie air of an infc'cted cowshed at a 
space a little above the head of a diseased cow. This was 
also examined, and it presented similar indications of very 
numerous small bodies. Not being a professed micro- 
scopist, I shall not attempt a description, but add that 
they clearly belonged to the organic world, and were not 
in all cases mere debris. We found also one body a 
good deal larger than the rest ; it resembled somewhat a 
raramecium, although clearly not one. 

‘ We found no motion whatever ; and only this latter 
substance coidd be adduced as an absolute ])roof of any 
living organised form being jiresent. Next day I examined 
the same liquid ; and, whether from the fast of time being 
given for development or from other causes, there was a 
very abundant motion. There were at least six sjiecimens 
in the field at a time, of a body resembling the Euglena, 
although smaller than I have seen it. When these minute 
bodies occur, it is clear that more may exist ; and germs 
in this early stage are too indefinite to be described. The 
existence of the vital spark in the organic substances in 
the air alluded to is all I wish to assert, confirming by a 
different method the observations of others. • It might, of 
course, be said that since the bottle was opened at Mr. 
Dancer’s the air at that place may have communicated 
them. I answer that, before it was opened, a good glass 
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could detect floating matter ; some of it, however, as in 
the microscope, proved indefinite enough. 

‘ Finding this, and fearing that the long time needful 
to collect liquid from the atmosphere might expose it 
also to much dust, I used a bottle of about 100 cubic 
inches dimensions, and putting into it a very little water, 
not above five cubic centimetres, I pumped out the air of 
the bottle, allowing the air of the place to enter. This was 
done six times for each sample, the water shaken each 
time, and the result examined. This was done with the 
same bottle that was used in my early experiments with 
permanganate, and by the S'.ime method, except that 
water instead of that salt was used. At first considerable 
numbers of moving particles were found; but it was 
needful to examine the water used, and here occurred a 
difficulty. It was not until we had carefully treated 
with chemicals, and then distilled the water again and 
again, that we could trust it. Particles seemed to rise 
with the vapour ; and, if so, why not with the evaporat- 
ing water of impure places? 

‘ Having kept an assistant at the work for a week, and 
having myself examined the air of three cow-houses, I 
came to the conclusion that the air of cow-houses and 
stables is to be recognised as containing more particles 
than the air of the street in which my laboratory is, and 
of the room in which I sit, and that it contains minute 
bodies, which sometimes move, if not at first, yet after a 
time, even if the bottle has not been opened in the in- 
terval. There is found, in reality, a considerable mass of 
debris, with hairs or fine fibres, which even the eye, or at 
least a good pocket-lens, can detect. After making about 
two dozen trials, we have not been able to obtain it other- 
wise. Even ^n the quiet office at the laboratory there 
seemed some indications. 

‘ I found similar indications in a cow-house with 
healthy cows ; so I do not pretend to have distinguished 

„ a. ’ <1. ^ ^ ,pj| T), 
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that where these exist there may be room for any ferment 
or fomites of disease ; and I do not doubt that one class 
is tlie poison itself m its earliest stage. It* would be 
interesting to develope it furtlier. 

‘ I have recorded elsewhere that I condensed the licjuid 
from the air of a flower-garden, and found in it, or ima- 
gined I found, the smell of flowers. I do not remember 
tliat I looked mncli to the solid or floating particles, 
thinking them to be blown from the ground ; but it does 
not aflect the result, whether they bo found constantly in 
the air or arc raised by the action of cuiTents.’* 

Lately I tried the sarne ])lan on a larger scale. A 
bottle was filled with air and shaken with water. The 
bottle was again filled and shaken with the sairtc water; 
and this was repeated 500 times, nearly equal to 2^ 
million cub. c., or 2,495 litres.* As this could not be done 
in a short time, there was considerable variety of weather 
— but chiefly dry, with a westerly wind. The operation 
Avas conducted behind my laboratory, in the neighbour- 
hood of places not very clean, it is true, but from which 
the wind was blowing to other parts of the town. 1 did 
not observe any dust blowing ; but if there were dust, 
it was such as we may be called on to breathe. The 
liquid was clouded, and the unaided eye* could perceive 
that particles, very light, were floating. When examined 
by a microscope, the scene was varied in a very high 
degree ; there was evidently organic life. I thought it 
better to carry the whole to Mr. Dancer and to leave 
him to do the rest, as my knowledge of microscopic 
forms is so trifling compared with his. 

Having requested Mr. Dancer to undertake the ex- 
amination by the microscope, he wrote the following, 
and sent it to the Philosophical Society of Manchester:^ — 

‘ The air had been washed in distilled water, and the 

^ The total quantity is not absolutely correct ; but it is unimportant. 

* ‘ Microscopical Examination of the Solid Particles from the Air of Man- 
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solid matter which subsided was collected in a small 
stoppered bottle, and on the 13th of this month Dr. 
Smith requested me to examine the matter contained in 
"his water. An illness prevented me from giving it so 
much attention as I could have wished. 

‘The water containing this air- washing was first ex- 
amined with a power of 50 diameters only, for the 
purpose of getting a general knowledge of its contents ; 
afterwards magnifying powers varying from 120 to 1,600 
diameters were employed. 

‘ During the first observations few living organisms 
were noticed ; but, as it aftei’v/ards proved, tlie germs of 
plant and animal life (probably in a dormant condition) 
were present. 

‘ I will now endeavour to describe the objects found in 
this matter, and begin in the order in which they ap- 
peared most abundant. 

‘ 1st. Fungoid Matter . — Spores or sporidim appeared 
in numbers, and, to ascertain as nearly as possible the 
numerical proportion of these minute bodies in a single 
drop of the fluid, the contents of the bottle were well 
shaken, and then one drop was token uj) with a pipette ; 
this was spread out by compression to a circle half an 
inch in diamqter. A magnifying power was then em- 
ployed, Avhicli gave a field of view of an area exactly 
lOOth of an inch in diameter, and it was found that more 
than 100 spores were contained in this space ; conse- 
quently the average number of spores in a single drop 
would be 250,000. These spores varied from 10,000th 
to 50,000th of an inch in diameter. The peculiar mole- 
cular motion in the spores was observable for a short time, 
until they settled on to the bottom of the glass plate ; 
they then became motionless. 

^ The myc(^ia of these minute fungi were similar to 
that of rust or mildew (as it is commonly named), such 
ps is foijind on straw or decaying vegetation. 
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‘ When the bottle had remained for 36 hours in a 
room at a temperature of 60° the quantity of fungi had 
visibly increased, and ■ the delicate mycelial, tljread-like 
roots had completely entangled the fibrous objects con- 
tained in the bottle and formed them into a mass. 

‘ On the third day a number, of ciliated zoospores were 
observed moving freely amongst the sporidias. I could 
not detect any great variety of fungi in the contents of 
tlie bottle, but I cannot presume to say tliat all the 
visible spores belonged to one species ; and, as tliere are 
more than 2,000 difTerent kinds of fungi, it i» possible 
that spores of other specios might be present, but not 
under conditions favourable for their development. Some 
very pretty chain-like threads of conidia were visible in 
some of the examinations. 

‘ The next in quantity is vegetable tissue. Some of 
this formed a very interesting object, with a high power, 
and the greater ])ortion exhibited whfit is called pitted 
structure. The larger particles of this had evidently been 
partially burnt, and w'ere quite brown in colour, and were 
from coniferous plants, showing with great distinctness 
the broad marginal bands surrounding the pits ; others 
had reticulations small in diameter. They reminded me 
of ])erforated particles so abundant in some Jcinds of coal. 

‘ The broAvn or charred objects were probably parti- 
cles of partially burnt wood used in lighting fires. 

‘ Along with these reticulated objects were fragments 
of vegetsition, resembling in structure hay and straw and 
hay-seeds, and some extremely thin and transparent 
tissue showing no structure. These were doubtless some 
portions of weather-worn vegetation. A few hairs of 
leaves of plants and fibres, similar in appearance to flax, 
were seen, and, as might have been expected in this 
city, cotton filaments, some white, others coloured, were 
numerous ; red and blue being the predominant colours. 
A few granules of starch, seen by the aid of the polari- 
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scope, and several long elliptical bodies, similar to the 
pollen of the lily, were noticed. After this dust from the 
atmospl^ere had been kept quiet* for three or four days, 
animalculaj made their appearance in considerable num- 
bers, the monads being the most numerous. Amongst 
these we noticed some comparatively large specimens of 
paramecium aurelia, in company with some very active 
rotifersB ; but after a few days the animal life rapidly 
decreased, and in twelve days no animalcula could be 
detected. 

‘ Hail'S of Animals — ^Very few of these were noticed, 
with the exception of wool ; of this both white and 
coloured specimens were mixed up along with the fila- 
ments of cotton. 

‘ After each examination as much of the drop of water 
as could be collected by the pipette was returned to the , 
bottle, in order to ascertain if any new development of 
animal or vegetable life would take place, and the 
stopper of the bottle was replaced as quickly as possible, 
to prevent the admission of the particles from tlie air in 
the room; and I am tolerably certain that the objects 
named in this paper are those which the bottle contained 
when Dr. Smith brouglit it to me. 

‘ The particles floating in the atmosphere will difler in 
chaiacter according to the season of the year, the direc- 
tion of the wind, and the locality in which they arc 
collected, and, as might be expected, are much less in 
quantity after rain. 

‘ The small amount of fluid now remaining in the 
bottle emits the peculiar odour of mildew, and at present 
the fungoid matter appears inactive. 

‘ For the purpose of obtaining a rough approximation 
of the number of spores, or germs of organic matter, con- 
tained in the fluid received from Dr. Smith, I measured 
a quantity by the pipette, and found it contained 150 
drops of the size used in each examination. Now, I 
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have previously stated that in each drop there were 
about 250,000 of these spores, and, as there were 160 
drops, the sum total reaches the startling numb^ of 37 i 
millions, and these, exclusive of other substances, were 
collected from 2,495 litres of the air of this city — a 
quantity which would be respired in about ten hours by 
a man of ordinary size when actively employed. I have 
to add that tliei'e was a marked absence of j)articles of 
carbon amongst the collected matter.’ 

Mr. Dancer describes carefully. The actual germs of 
disease are unknown. My viish was to let them dcvelope 
until they showed distinctive characters. This will pro- 
bably be done some day, and we may see one turn out to be 
the beginning of cholera, another a germ of scarlet’ fever, 
and so on, whilst a third may be an important agent in pro- 
‘moting health. But there bodies are, and have been shown 
to be. Their weight or quantity, as illustrated by the 
production of albuminoid ammonia from the air, has 
already been very fully illustrated in this volume. They 
are, to a certain extent, not merely found, but measured, 
weighed, counted, and analysed. WJien I speak of a 
paramecium, euglena, &c., I suppose these only accidental 
bodies feeding on the minuter and le.ss known. 

The mode of existence of these living things is a 
speculation to us. Why do they float, and why do they 
not fall? They seem to rise as readily as vapour, and 
they are not merely dry dust driven up by wind. They 
are found, as Dr. Thomson showed, in sewer and hospital 
air ; the sewers are always wet. They are found less 
when the rain falls, so that the rain washes them down 
into the earth. The advantage of rain is well seen, and 
it is remarkable how much it shows itself. When we 
look at the death rate in the various coifnties, those 
which have a good deal of rain are certainly lowest in 
most cases, if not in all. Warmth accompanied with 
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dryness seems to have an equally good result, by shrivel- 
ling up the organic matter. The germs are then less 
elevated, into the air, as there is seldom much wind with 
heat, and if any should be so elevated, they would be 
dried up as butterflies are in a burning sun, according 
to Sir Emerson Tennent. 

When these spores, germs, or living forms rise into 
the air, do tliey incline to fall again ? The evidence 
seems to be that they do so, and dejjosit themselves in 
quiet places, even when not carried down in dew. They 
even fall in water if allowed to rest quietly, and a pipette 
may bring them up from* the bottom of a glass in 
greater numbers than from the liquid above. If so, why 
do they rise ? They are so small that the mere rise of 
vapour may be a current suflicient to take them up ; if 
so, then currents must be continually removing them. 
They may feed on the organic substances, which rise in 
considerable quantity, and they may grow in abundance 
and size on the food thus supplied. For several years 
the corner of a street I daily passed presented nothing 
worthy of observation, but at last it was found that almost 
constantly a number of flies were at tliat place in summer. 
Tliis gradually connected itself with the smell of worts ; a 
brewery had, started up, and these flies fed and lived on 
the substances that affected the sense of smell. We see 
birds flying about catching prey which to us is invisible, 
until it is collected in distinct pieces in their mouths, and 
we see whole nests full of young fed w'ith prey caught in 
this way. We see, on the other hand, the hawk looking 
about for his victim, and seizing it with much noise in 
living pieces, made distinct enough to us by their struggles. 
And we see the great eagle calmly sailing aloft, looking 
for an opportunity to lift up its p,rey with dignity. In 
the impure air we have a lower scale of life, feeding in a 
way analogous, close to us, but out of our sight. 

During wind these minute objects must be driven 
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onwards, and away from the spot of feeding ; indeed, it is 
scarcely possible to find a day when the air is so still as 
to allow them to rest '■over the place from whjch they 
escaped. They must be scattered over a great space. 
And we must now ask if they can do mischief when so car- 
ried, but first we must be clear that they can do mischief 
at any time ? What harm do we receive from breathing 
them ? It has been abundantly proved that air from 
middens and such impure places is less wholesome than 
air from free and open places. We must not return to 
that question ; its answer has been the basis of tire whole 
sanitary inoveiiieut of late years, and it has been suf- 
ficiently discussed. If anyone brings doubts, then I can 
only request him to read the evidence adduced by Mr. 
Edwin Chadwick, and the numerous body that gathered 
j'ound him, either to agree' with him or to oppose him, 
or who have been attached to or stirred up by the 
General Hoard of Health, the Metrdjiolitan Sanitary 
Commission, and the Medical Council, over which is 
Mr. Simon. It has been shown here that the air to 
which allusion has been made contains less oxygen than 
pure air, but it has not been shown that such is tlie cause 
of the evil cousecpiences of living in it ; or rather we 
know that this minute diminution of oxygcyi is not the 
sole cause, although it may not be entirely harmless. 
We know, also, that this impure air contains more car- 
bonic acid than pure air, but it has been made clear that 
this carbonic acid is not the cause of infection. We may 
give up the ammonia-salts and nitrates, because we know 
their action to be such as not to produce infectious 
diseases, fevers, or putrefaction, or even special diseases, 
although they may in some respect be injurious after a long 
time. None of the gases or vapours known to us can be 
imagined to be guilty from any property of theirs hitherto 
found. It is true that they may lie low, or bo washed 
down, or brought down, by rain or vapour, so as to be 
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found in tlie evening fogs, and that this occurs is certain. 
Some of these may be injurious to health, but none of them 
have the^haracter of albumen capable of putrefaction, and 
they can be included neither in the Liebig nor the Pasteur 
theory, whilst their characters known to us do not throw 
light on the beginnings or progress of marsh-fevers or 
epidemics. We may s})eak witli some certainty as to the 
latter, but on the former — namely, the marsh-fevers — there 
is more ignorance to be acknowledged, although the 
statement as put is correct. That some evil will result 
is, however, likely enough from the great mixture of sub- 
stances in the evening dew o? a rich clime, leaving results 
independently of the albuminous decomi)ositions and or- 
ganisms, but the exact knowledge i's not with us. Gases, 
vapours, albuminoid substances, plants, and animals must 
all produce their pecidiar effect in the atmosphere. We 
must learn to subdivide and not to throw them reck- 
lessly together. 

After viewing the known and the probable action of 
all these bodies, we are driven to seek for the conveyanee 
of infection in the solid bodies of the atmosphere, not 
forgetting that some may, like albumen, be dissolved in 
water, or be carried in little globules like jnis. But it 
cannot be merely because of the solidity of the particles 
that they do the evil complained of. This we know, 
because the amount of solid matter which is breathed 
before alTecting the health seems considerable, and cer- 
tainly far beyond that which is contained in the air of 
which we are speaking. This is learnt from regions of 
chalk and sand during hot weather, as well as from coal- 
pits and Sheffield workshops, where inorganic matter is 
so much breathed, producing its peculiar results. We are 
therefore driven to the organic matter, and the question 
arises, Is it the chemically changing and decomposing or 
the living matter that does harm ? Do we explain the 
occm’rences by the theory of Liebig or the theory of Pas- 
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teur ? And can we reconcile the two, or is one true and 
the other false ? 

It has already been admitted that there are iijiportant 
decompositions of organic substances which do not pro- 
ceed without the presence or intervention of some vibrio, 
or at least lot us say organism. That, of course, is no 
proof that Liebig is wrong when he says that a state 
of decomposition is transferable from one body to another 
by chcmicfil action. Even mechanical action begins 
chemical decomposition, and that chemical change does 
incline to continue itself must bo held true. This may 
possibly be the case with all* chemical action ; it is, how- 
ever, recognised only in some cases hitherto. This is, 
however, not the most powerful method of destroying 
organic substances at ordinary temperatures. It seems 
tliat the decay of organic substances without the pre- 
sence of organisms is much slower than with it. Flesh, 
freed from certiiin organisms, will kdcp long even if 
moist, but it will eventually be oxidised ; and meantime 
the change taking [)lace in the arrangement of its mole- 
cules would require study. But the change caused 
when the usual occupants of the atmosphere are pre- 
sent is one so rapid, that it can only be compared to 
the chemical action of inorganic bodies, thp action, for 
e.xample, of strong acids on carbonates. The formation 
of oil of bitter almonds, caused without organisms, shows 
that we must be careful not to speak too generally. 
We may confine ourselves for the present to albuminoid 
substances. 

Wo may, perhaps, learn that the organism is not the 
real agent, whilst the decomposed parts, cither in or 
out of solution, arc. Since Graham taught us the pecu- 
liarities of colloid substances, we know that a substance 
may be in solution, and still refuse to pass along with 
other substances through a filter of membrane, and that 
even without membrane decomposition may take place 
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by diffusion. This knowledge renders the proof of the 
action of plants, for example, in fermentation, as distinct 
from th^ liquid, more difficult. It is good to recognise 
the difficulties in the two views of the question whilst 
quite clearly believing in the necessity for organisms in 
putrcfiiction, &c., until the action shall be proved to go 
on without them. 

This does not prevent one from thinking that decom- 
position is transferred from one body to anotlier ; it is 
extremely probable' that this will show itself more and 
more valuable as an explanation of very obscure phe- 
nomena. I call it Liebig’s idea, because, although men- 
tioned by Willis in the seventecntli century (see Kopp’s 
‘ Geschichte der Chemie,’ vol. iv. p. 293), and by Stahl 
(p. 294), and again by Place at the beginning of the 
eighteenth, it was first developed in all its fulness by Liebig, 
and he first taught us to understand it. In tho time of 
Willis the chemical constitution of molecules was very 
crudely conceived, and the language of Willis himself 
shares in the crudity.' 

It must be remembered that the parts of which we 
are composed are continually undei'going change ; the 
blood and all the fluids are especially active. Let us 
picture to ou»’selves the amount of this activity. If we 
hold our breath a few seconds, we are uncomfortable, a 
very little liiore and we are unconscious ; if we inhale a 
little undiluted sulphuretted hydrogen, we fall down un- 
conscious, as if struck by lightning ; if we inhale even 
carbonic oxide, which we cannot smell, we fall down at 
once ; by carbonic oxide obtained by combustion from 
an iron furnace men have been suddenly thrown down 
without warning. The action of maqy poisons taken 
into the mouth is equally rapid, a question at most of 
seconds. The action of restoratives also shows the 
great rapidity of the chemical movements in the body. 

• Seo ‘Oa Fermoutatlon,’ cap. 8 & 0, 
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When we are exhausted by bad air, one whiff of fresh 
and pure wind brings comfort in a time so short that we 
cannot measure it. If exhausted by want of food, a 
certain amount of streugtl) is gained by one spoonful of 
soup as soon as swallowed, and if thirsty, even befin’o 
liquid has reached the stomach, we are refreshed if it has 
touched the mouth. In cliolcra the decompositions that 
take j)lace go on witli feaiful rapidity ; tlie solids of tJie 
body are transformed with a .speed which has always 
b(!en compared to that of piitrefiiction, but which may 
be called more rapid. We know of no action of neutral 
organic bodies at low temperatures so rapid as this with- 
out the presence of organised structure, great or small. 
Although we may believe, with Liebig, that there is the 
tendency to transfer action jnirely chemical from one 
set of compounds to another; it is, so fai’ as we know, 

■ so .slow in nitrogenous or albuminoid substances, that the 
activity of animal life apy)ears to oveipower it in the 
living animal, and its tena('ity in the dead. If, however, 
the higher animal life itself is to be overpowered, it must 
be by an activity greater than itself, and it is this activity 
which we find when organisms are ])resent. 

This is an e:isy way of overcoming the difiiculties of 
the case, and for a time I was willing to remain there, 
but this question arose — Why do oi'ganisms produfic the 
result ? As a general answer I replied to myself. The 
operations of life are, tt) a great extent, chemical, perhaps 
entirely chemical ; chemical laws regulate tlie formation 
of the solids and liquids within us, and the gases coming 
off are constituted with as exact attention to the laws of 
molecular combination and the atomic theory as if they 
had been mineral substances formed during ages in 
caverns, and possessed of a crystalline activity only, 
instead of taking ah active, part in life. * Whatever 
vitality may be, it certainly allows matter to act in 
conformity with chemical laws in nature, and these aro 
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the greater and the more general ; they are in reality 
universal, whilst vitality at best makes use of the great 
stock of matter, and of force, which is so abundant, for 
all purposes ; or .wc may say universal chemical force 
keeps certain movements in organic and inorganic bodies 
equally in action. In this direction we do not know how 
far it is right to go. Tlie chemical tlicory becomes, liow- 
ever, the widest, and it has a greater future for itself, 
although the organic department of the tlieory has been 
more fully developed of late. 

Again we may say the decomposition is really not 
chemical, but it is rather dependent on the physical 
structure of membranes, by means of which the portions 
of the fluids are separated, and, if so, why not also the 
portions of molecules, so that decomposition takes place ? 
If this were the case, wc must ask for the fundamental 
cause, and we come to the primary activity o^ atoms 
and molecules. If, for example, sugar is not a very 
strongly built compound, but has in itself the capacity of 
forming two of great activity — carbonic acid ready to 
expand to a gas, and alcohol of ready volatility, although 
still liquid— the two primary activities are opposed, and 
seek an opportunity to show themselves. This would 
be given when an obstruction took place. We may have ‘ 
only a separation of the parts of a compound by dif- 
fusion. I’he difficulty then occurs to suppose the action 
to take place so frequently as to account for the influence 
of very few and microscopic existences, such as the 
organisms present. But the germ theory has the advan- 
tage in the fact of the genns being present, and over this 
difficulty it is not easy to pass. We may, then, remain in 
belief. But germs are not ultimate facts in nature, and 
if they act by their physical structure only it may be by 
the osmotic action of a peculiar membrane promoting 
diffusion. In this case we are obliged to look to the 
size of the bodies producing the action. According 
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to Graham the membrane becomes constantly worn, but 
again the same wearing takes place with earthenware as 
an osmotic agent, and membrane can grow. The process, 
too, is slow, and we seem to demand an amount of 
membrane not to be found in the vibrios or bactorim of 
putrefaction. Of course we know that they, or tlieir 
membranes, must liave some jiower, and we could ex- 
plain a beginning by their aid, but we have a diffi- 
culty in imagining them keeping u]i the constant action. 
To suppose them to cafise the beginning only would be to 
use the two theories. If a beginning is made, why does 
it not go on without the piganisms ? Does it require 
the continued little impulses, from the organisms ? 

If we give up the chemical action of the membrane, 
and look to diffusion only, although facilitated by mem- 
branes, we are led to the* fundamental characteristics of 
matter, the movements ‘ per se ’ of the ‘ IVimordia rerum ’ 
of Lucretius, who watched dust in the sunbeams, and 
the ‘ primordial impulse ’ assumed by Graham, or Clau- 
sius, from the observation of movements which cannot 
bo seen by the eye, but only by complex experiment and 
intellectual processes. If, then, these movements, purely 
physical, are the actual cause, we may perhaps imitate 
them without the aid of organisms, which^ in any case, 
we might consider as coming in only as intermediate 
agents, the wider law acting through them. Some such 
thing may possibly turn out to be the case; but at 
present we must remember the organisms are there. 

I can easily suppose some one to add, ‘ This is merely 
begging the question,’ and, ‘ If it is ap[)lied to minute 
why not to all organisms ? ’ This reasoning is not quite 
correct. The larger animals do not cause commotions in 
bodies around them so as to effect decomposition. They 
decompose substances within themselves trfily, but the 
amount decomposed is small in proportion to their bulk. 
The activity of the bodies seen, if they are the active 
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agents, is out of all known proportion. The distinction 
is clear enough ; if we say that tlie tendency of chemical 
decomposition to continue itself is proved, then we must 
add that, in certain cases, this is not known to be done 
without the intervention of organisms of a low kind. 
This, like many great struggles, will end in separation, 
but we can suppose the chemical to include the organised 
without cither being distorted. 

The theory of germs, so far as disease is concerned, has 
an independent position, and if we’ give up the notion of 
decomposition and diminish the analogy to fermentation 
and putrefaction, or throw it aside altogether, we can 
still keep the idea of a deposit of plants or animals, and 
this theory may readily be retained by those who retain 
firmly that held by Liebig. 

I did not intend to speak of these theories, but it 
seemed to me that two so well supported by nature must 
have some point «f agreement, and tried to imagine it. 
We have not hithert<\ with suflicient clearness, distin- 
guished between the theories of fermentation or putre- 
faction taken together and the propagation of dis- 
ease. The first has the microscope to support it ; the 
second has not so far advanced ; the first may, perhaps, 
by the reasoning used, be reconciled with the chemical 
theory ; but the second, the germ theory of disease, may, 
in all probability, be quite irreconcileable. If, for ex- 
ample, a disease were caused by a plant or animal form- 
ing a settlement, and by its life obstructing the life of 
others, it would be a distortion of reason to refer it all 
to chemical action. The same distortion does not take 
place when we reason on minute organisms beginning 
chemical decompositions. 

To prevent confusion we may then go over the points. 
First, we hftve the chemical decomposition tending to 
continue itself, as in mechanical action. The resemblances 
of physical and chemical action at the points of meeting. 
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are much too numerous to allow this theory of Liebig’s to 
be forgotten. 

Next we have the beginning of fermentations and 
putrefactions in the presence of organisms, and the pre- 
vention of these movements by keeping out organisms. 
This class of decomposition is ])eculiar ; it seems to begin 
as organic and cud as purely chemical. This is in- 
dependent of the explanation of the ultimate cause being 
pliysical, or cheiuicak^or being capable of being produced 
without vitality. 

Thirdly, we may have the aiudogues to fermentation 
and putrefaction in the lifing animal producing disease 
by chemical decompo-sition strictly s])eaking, however 
begun. I could not venture to say which diseit^cs have 
this similarity ; various forms of blood-poisoning will 
probably be included. 

Fourthly, we may have the action of the germs not 
producing chemical dccom])ositjon aflalogous to that in 
fermentation and putrefaction ; but by self-multiplication 
obstructing the healthy development of the solids or 
the normal changes in the blood. 

It seems important to keep these ideas distinct. As 
to the last, although there seems little good reason to 
doubt it, we shall never be said to havq done enough 
towards its elucidation until we find the exact germ that 
produces one known disease or more ; that niUst be waited 
for as the experhnentum crucis. 

Wo may look at the consequences for a little. By 
this subdivision, which is merely a collection of non- 
original ideas, we get rid of the necessity of looking to 
fermentation as an analogy by which we must learn in 
all cases of infection, and we have the life of the plant 
and the animal to follow as containing the analogy. We 
extend the activity of chemical action through organisms, 
although we cannot include all the phenomena of com- 
position and decomposition within and without animal 
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life. The intermediate phenomena of putrefaction and 
fermentation are kept from being mixed up with the 
others. ,We liave the probability of diseases correspond- 
ing to all these different modes of decomposition. 

In other words, whilst it seems to be important to 
separate the action of specific germs in disease from mere 
fermentation and putrefaction, these may still have their 
analogues in animal fiuids. We may even go further, 
and whilst we admit the chemical action to be very great 
in these first two cases, we may also admit that the action 
of vibrios and other organisms may be a cause of con- 
tinued rapidity of diseased itction. In healthy animals 
we have also rapid chemical processes going on, the 
continuation not explainable on purely chemical prin- 
ciples, and there we may suppose it to be promoted by 
the action of organisms of a* minute class. In other 
words we may have diseases analogous to fermenta- 
tion or putrefaction begun by organisms causing de- 
composition, and others not analogous to these, but 
caused equally by organisms doing evil by their increase 
and not by chemical decompositions. Some persons 
may object to the connection of such great effects with 
such a small cause. After all, the greatness of the 
cause must be measured by its effects. We are told 
of the millions of cells that may grow in a fungus in 
a minute ; 'we cannot tell how many are formed, de- 
stroyed, and again formed during putrefaction. It is 
not at all necessary that the one small set which be- 
gin should continue to do all the work. On the other 
other hand there is, in all probability, a decided measure 
of cause and effect. If only a very small amount of 
infectious matter be present, the action ceases. If this 
were not §o, nothing could prevent the contamina- 
tion of a whole city instead of only certain individuals. 
It is impossible to imagine that any persons in an infected 
city could escape entirely all contact with infectious 
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particles, although they might escape all infection. The 
dilution of the air in fever wards is said to destroy in- 
fection ; it merely dilutes, and so it is in all cases of 
danger from putrid matter. It is a struggle between 
the healthy and the unhealthy action, and the latter may 
be reduced so low as to be dangerous to no one. This 
is the natural and inevitable conclusion, and it is a great 
consolation. It is one on which the hopes of sanitary 
reform must rest. It seems clear that a very small 
amount of these genfis do mischief, but not an infinitely 
small ; when too large we dilute the air and are free. 

But, even allowing that Jhe living things did not multi- 
ply to an enormous extent, as for a moment imagined, the 
explanation is not left hopeless. Let us suppose nothing 
but chemical relations to be affected by the intervention of 
organisms. These may* act majiy tliousand times in a 
second without being themselves destroyed to give place 
to others. They may be agents for .forming or holding 
the membrane or mechanism which does so. 

A curious instance takes place in the decomposition of 
rnuiiatic acid. It is decomposed by salts of copper in 
the presence of air and vapour of water, and this decom- 
position is so rapid, that we can only suppose the copper 
to act in this wonderfully rapid manner — thousands if not 
millions of times in a second. This has ‘been found by 
Mr. Henry Deacon, and made the basis of a great manu- 
facture. If this is not the explanation, a more myste- 
rious agency still must be called into aid, and it is easy 
to multiply mystei’ies instead of diminishing them. 

The method is purely speculative, and although the 
work the living germs do is to some extent so also, 
their presence in many cases leads us to conclusions 
Avhich, by a simple process of reasoning, extend them- 
selves over a great field of thought and enquiry. The 
theory of their activity enables us to picture to our- 
selves phenomena which were previously beyond all 
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comprehension; and it opens to us a new region of 
thpught and action, a new method of cure for many 
evils. Were it even false, we must welcome it for a while, 
beci;use ft has led men to efficient means of avoiding 
disease and has given salutary results. 

I have produced only the arguments that seemed most 
striking or newest and freshest, leaving the history (.)f 
the subject to be written. 


WEIGHT AND SIZE OF ORGANISED PARTICLES 

IN THE AIR. 

♦ 

Let us take the average germ to be one 5,000th of an 
inch in diameter ; some persons would require the size to 
be much smaller, but this will be quite enough for iis 
to comprehend at present. This would give a cubic 
volume or bulk of one 2o8, 700, 000,000th of an inch. 
Then, in measuring the amount of that which appears to 
be ammonia from organic matter in the air, we obtain in 
some cases about 70 grains in a million cubic feet, equal 
to about eight times that amount of the commonest 
animal matter, supposing it to have the same specific 
gravity as water, although it is rather heavier. We 
should then have 529,500,000,000 germs in a million 
cubic feet of air — equal to about two cubic inches of them. 
This is really a large amount, and may be too high ; but it 
is the measurement for a busy city. In one cubic foot we 
should, of course, have 529,500 germs, altogether *000580 
of a grain, or above one 2,000th. This is so high 
that it seems probable that this result obtained of the 
organic matter in some air is, as said, true only of par- 
ticular places. I have sometimes thought that we caused 
an error by being present to make the experimenl, and 
this is probably the case. If so, we must find a method 
of overcoming this difficulty. If we take the size of 
some infusoria! described by Ehrenberg and others, we 
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shall increase the actual number in a volume of air very- 
much, and probably do right in this, but this change 
would not affect the weight. ^ 

The number of organisms, if we may vary the word, 
obtained from 2,495 litres, or 88 cubic feet — the amount 
of air washed by the liquid I sent to Mr. Dancer— was 
calculated by him to be 37,500.000. The total weight 
did not {tjjpear to me to be so gi’cat as that arrived at 
by my calculation — namely, ‘000500 of a grain for a 
cubic foot — but, disregarding the weight, this would give 
for a million cubic feet 426,000,000,000, or in ono 
cubic foot 426,000 germs. • This method of calculation 
brings us to nearly the same number as before. In this 
matter we mus^ consider 529,560 to be very near 
426,000 ; one method stai'ts from the number, the other 
from the weight and size. Taking again 70 grains 

albuminoid ammonia to bo in a million cubic feet 
of .some air, and 426,000 organism.4 in a cubic foot, 
760,000,000 Avould make up one grain, and occupy 
1,786 cubic feet of air. 

The numbers will startle no one accustomed to such 
calculations ; had one 40,000th part of an inch been used 
as the diameter of a germ, how much longer the line 
of figures might have been made ! , 

On the other hand pure country air is not found to 
contain any such amount of ammonia. I haVe not found 
the probable lowest point as yet. In pure air the number 
of organisms will also be fewer in an equal proportion, or, 
if not the number, the actual weight. In impure places 
we can imagine them growing larger without actually 
growing more numerous. 

Besides organic substances there are many other par- 
ticles. We have seen that there are some of ^common salt 
and of sulphate of soda and ammonia as well as other 
earths and alkalies. There are even molecules of iron in 
the organic substances, and phosphorus of course. In 
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the town there is carbon, and there are minerals such as 
the country affords in all places. If there be some in 
every foot of air, the subdivision must be very minute 
if uniform. To produce uniform distribution we must 
have a greater number of particles when the total 
weight is small than when it is large, unless we increase 
the distances ; but by increasing the distances we destroy 
the very uiiifoi’mity we seek, unless we take lai^er spaces 
into account. 


EFFECTS OF THE 'SURFACE ON AIR. 

The observations of all nations point to the quality of 
the soil on the surface of the ground, and of course 
including a small depth, as a Condition greatly influenc- 
ing the health of a country. That they are trud must be' 
believed. Peacock, in one of his admirable tales — ‘ Crot- 
chet Castle ’ — has a character ‘ Firedamp,’ who says, ‘ The 
great object of a wise man should be to live on a gravelly 
hill.’ This is not falsehood, but only caricature. We 
cannot deny the effect of thick clay, impenetrable by 
water, which I'arely dries up, or is always drying up, but 
never succeeding, and tliat of gravel, sand, or other 
porous strata. The influence of drainage and evaporation 
are wortliy of long discussion ; but, on the other hand, 
the air-wasliiiigs lead to the belief that the air contains 
a little of the material from the soil beneath it, even 
on very improbable occasions. Where vegetation exists, 
its remains, or the debris of plants, appear. Where 
there is water we have at least some of the salts of the 
water ; and where there is a chalk soil we have chalk, 
even on a wet day. I cannot, from observation, go on 
to say that* on a clay soil the air contains clay, but I 
should not be surprised even at that. Over such a soil 
there is more prolonged evaporation ; much time is 
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given to attempts at drying. We have, .therefore, a 
greater continuation of moisture in the air, and, let us 
remember, not moisture from the clouds, but vapour 
which has risen from the soil and then condensed. The 
effect of such moisture is not simply that of pure water, 
otherwise it would little matter whether we were sur- 
rounded by it or by the moist air from the sea. We cannot 
tell all the bodies that may arise under these conditions, 
but tiicrc is enough known to lead us to believe that wo 
must attend to minute differences of soil, such as men 
generally called fanciful are disposed to observe. I find 
myself compelled to look «to the effects of surface in a 
way that a few years ago I should have considered 
ridiculous. We must learn to have more respect than 
wo show for the results arrived at by the unaided senses 
of man working for ag^ ; they have been able to pene- 
‘ Tl'ate secrets which individuals in a lifetime can scarcely 
understand, and which we cannot prove except by the 
aid of scientific apparatus and careful thought on the 
result of experiment. This has been very well illustrated 
in the ancient and modern history of air and water. 

If soil affects the atmosphere, how does it happen that 
it is such an excellent disinfectant ? Substances are not 
purified in the air to the same extent in jthe same time 
as in the soil. The great amount of surface in the porous 
soil is the cause of the rapid action mainly, but the acid 
humates act, and probably other substances, chemically. 
There are modes of oxidising in the air beyond the power 
of ordinary oxygen ; one of these is by means of nitrogen 
oxides, and another by ozone ; but even these require 
great time and space. If we throw sulphuretted hydro- 
gen water or its compound with ammonia on a few inches 
of soil, it passes through oxidised in a few minutes ; we 
obtain such an action in the air only in great volumes, 
although in the end the work done may be better for its 
purpose. It is a common opinion that the soil of a town 
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is continually growing worse by constant habitation, 
unless the evil be continually drained off. Now we 
must mqdify this. In our towns, closely inhabited as 
they arc, the evil is not necessai’ily growing, even al- 
though all the impiu'ity is not drained off. We drain 
off the excess, such as cannot be purified by the porous 
strata. Tlie soil itself is a great purifying agent— 
the very soil of towns which we complain of as con- 
stantly increasing in impurity. 

The refuse heaps of the suburbs of towns become as 
pure as new soil in a few years, and in very porous 
places they ctin do harm fof a very short period only. 
We require only not to overload the soil, or give it too 
much to do. To use the words of a previous paper— ^ 

‘ This complete purification and thorough removal of 
the organic matter occurs chiefly in town wells, the 
complete change being much less frequent in the country. 
The cause of this’lies, no doubt, in the sloAver and more 
thorough filtration, and therefore the more elaborate 
cleansing when passed through a hard soil, and in the 
removal of the raiu-Avater by surface drainage, or by 
sewers, before it is alloAved to Aveaken the solutions by 
being absorbed into the soil. The amount of organic 
matter which is removed or altered in this Avay is sur- 
prising, and the power of effecting this transformation is 
a most important and valuable part of the functions of a 
soil. Of course the same change takes place in country 
places— in giirdens, for example, Avell ornamented and 
not well drained, Avhere the Avater has much organic 
matter in solution, and stands long on the soil. The 
change takes place very close to the cesspool or to the 
How of organic matter, and at a very short distance 
Water may be found containing very little besides in- 
organic salts. Very near a sewer, in one of the worst 

' ‘ On Air And Water of Towns — Action of Porous Strata.’ — Mem, Brit* 
Association, l6oli 
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streets in Mancliester, I found sand which was almost 
free from organic matter, although the drain had given 
way, and was allowing the sand to absorb whatever 
it could. The same observation was made on 'the sand 
of a churchyard in which burials were very frequent, 
showing the great advantage of a porous soil in removing 
offensive materials by an agency within itself, preventing 
the corruption of the atmosphere to an extent greater 
or less, according as the powers of the soil are under or 
overtaxed. 

‘ As an agent for purifying towns this oxidation of 
organic matter is one of thy most marvellous ; we might 
almost say, and necessary. If the impure organic matter 
were taken underground (unaltered) by the natural 
flow of water, the state of the subsoil would become 
pestilential in the extreme, and towns could not be in- 
• iubitcd without such careful drainage as we have never 
yet seen ; in fact, the soil would require to be impene- 
trable. To inhabit a place for a few months would bo 
to make it unhealthy. Instead of such a result we have 
the soil of towns which have been inhabited for centuries, 
or for a time longer than history can tell us of, in a 
better state tlian the soil round many a country-house. 
St. Paul’s Chui’chyard may be looked upon as one of the 
oldest parts of London, I suppose ; the Water there is 
remarkably free from organic matter, and the drainage 
of the soil is such that there is very little if any salt of 
nitric acid in it (written in 1851). A well at Tower 
Hill had but little organic matter, but only partly 
nitrated. Of course there are parts of a town whore the 
matter becomes too great to be managed well, and, being 
combined with bad drainage, even the active state of 
the subsoil, which seems to do its utmost to destroy all 
elements of disease which enter it, is not sufficient to 
remove the amount continually supplied to it from some 
hundreds of acres of closely built ground. Even in these 
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cases, however, we are more surprised at the comparative 
purity of the subsoil than the impurity. As it is, the 
impurity of the soil in certain parts of towns requires 
proof ; and, although proof can be got, and is got, with- 
out this action of the soil, the proof would stare us in the 
face and hunt us out of its vicinity. It has been neces- 
sary to prove the great amount of evil resulting from 
burials in towns, whilst the enormous amount of organic 
matter has disappeared rapidly from our view, and the 
evil seems only to become distinct to us when the mould 
of the churchyard has become, in a great measure, the 
remains of organised beings.’ 

Notwithstanding this, we have abundant proof of the 
ready sympathy which the air has with the surface of 
the ground, although the wind sweeping over it would 
lead us to suppose that all was • equalised. The passage 
of some influence must be rapid and constant. Indeed, 
we cannot fail to observe that even in a room every foot 
of ground has its own climate, and every cat makes its 
choice with wonderful care and skill. 

Farmers seem not to attend to this sufficiently ; they 
break down fences in modem times, and hedges and 
trees unmercifully. The appearance of the land suffers, 
but so do the cattle. If anyone doubts the varieties of 
climate on one field, he has only to look at the careful 
choice made by animals. No one can fail to see how 
even sheep avoid the damp, and if there be one bare and 
gravelly part, it is preferred for a bed even to the 
greenest and softest grass. It is true that hedges and 
walls, as well as trees, shelter from warm as well as cold 
winds. When a warm wind blows, then the snow 
behind the shelter lies longer unaltered than the exposed. 
Animals then avoid these parts very readily, but, when 
there is no shelter fi:om cold winds,' they have no choice, 
and they evidently suflfer severely. In this country they 
often require shelter from cold, and sometimes they feel 
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equally the demand for shelter against heat. Even very 
slight elevations sensibly affect the flow of air, and there- 
fore the ventilation aud climate of a place. On a plain, 
such as the sea, the wind blows strongly, although when 
inland it is little felt. Streets also are in a calm, when 
outside the town there is much wind ; this is according 
to the aspect of tlie street. Narrow courts are still more 
defended from currents, and to such an extent as to escape 
for ever full purification ; the evil, up to a point, grows 
faster than its removal’ and it is not enough that they 
should be kept as clean as other more open places, but to 
be on equal terms their surfaces require to be kept cleaner. 
On a high spot the wind blows more constantly than 
even on the smooth surface of the sea. 

Most of the close places in this country are made by 
art, although some are rilade by nature. The worst of 
tlje natural class arc partly in the power of man ; they are 
narrow glens with close woods. Devonshire has many 
such examples. The houses seem to nestle comfortably 
in them, but, as we may believe, with a loss to the inha- 
bitants of some vigour. Even in some very narrow glens 
in the highlands of Scotland, where one would expect 
abundant rain and wind to cause sufficient mixture, I am 
informed that it is common for those who stay at the 
house to lose their health, whilst those who go out among 
the sheep do not suffer. The state of the 4iouscs docs 
not appear to be the cause, as these are no. worse there 
than in better ventilated glens. But we may leave out 
the question of valleys made by nature until we purify 
those made unwholesome carefully by artificial means, 
and called streets, lanes, courts, alleys, and rooms, which 
are bad enough by their closeness as well as by their 
wonderful want of cleanness of surface in so many towns. 
It would appear, then, that the surface affects the air in 
more than one way by obstruction of its movements which 

‘ See also ‘ Effects of Acids on Vegetation.’ 
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causes floating particles to be-exchangcd, and by sending 
out oi^anic substances into tlie atmosphere, hurtful, i)e^ 
haps, ot themselves, and also Avhej^ decaying. The direct 
action of^he animal and vegetable matter decomposing on 
the surface, evaporating there, or being carried mechani- 
cally there, is entirely separate. Climate is alTccted by 
that which is on the ground, by the action of the porous 
ground, by the shape of the ground, and by tlie quality 
of the ground. Our climate is not all brought from dis- 
tant places by the winds. 

It appears, in fact, that organic matter is incapable of 
passing deep into a close soilij by conversion into soluble 
salts it becomes soluble, and is easily washed away in an 
inorganic state. When this occurs in the country, the use 
of it is not so apparent as when it occurs in a town. 
When there is a great excess of organic matter on the 
surface of the ground, and decomposition is rapid, tW 
Results are of course' often bad, and, if ammonia is 
formed too rapidly, bad also for the soil, which loses its 
food for plants ; but it is generally retained in manures by 
the humic acid, as Voelcker has shown. The formation 
of nitrates prevents the passage of nitrogen into the 
atmosphere ; it subjects the soil, however, to a loss by 
drainage. The use of nitrates as a manure has been long 
known to be valuable; our old English philosophers 
have been well aware of it ; namely, Boyle and Bacon. 
Before the nitre can bo formed in the soil the ammonia 
must be oxidised, and before it can be used as food for 
plants the process must be reversed, and it must be 
deoxidised. The oxygen stored up may be applied for 
rapid oxidation, and in this way it becomes a kind of con- 
centrated atmosphere, a source of air by which to form 
carbonic acid from the mould of the soil. We can readily 
view it as ti great stimulator of vegetable life, besides 
being a source of nitrogen to feed the plants. In dry 
climates, perhaps, it might be viewed as a supply of 
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water, whicli we might readily consider formed by the 
union of the oxygen with the hydrogen of organic sub- 
stances, of which bodies there are in some surfaces a con- 

§ 

siderable amount. The organic matter in a soil may be 
supposed to decompose in two metho<ls — by the formation 
of ammonia and by that of nitric acid. If the soil is very 
alkaline and moist, the conversion of the organic matter 
into ammoniacal compounds is very rapid. I put some 
soil not very rich in orgaiiic matter into this condition by 
the aid of a little ammonia, so as to make it alkaline, and 
the consequence was a veiy intense putrefactii?^e decom- 
position, not in any way differing, so far as could be per- 
ceived, from that of ordinary putrefaction. These nauseous 
and unwholesome odours are therefore possible ^om the 
soil of our fields ; but any occurrence such as this on a 
large scale would be dis&trous ; and the ground is pro- 
’’tiJeted from it by an almost constant acidity, which some- 
times increases so as to be injurious, forming what is 
called sour land. This very acid state generally occurs 
in wet land, where it is probable that alkalinity would be 
more injurious, but the soil may be found alkaline in a 
well manured garden, if the ground is dry, without ap- 
parent injury. The other mode in which the organic 
matter may decompose is by the formation,of nitric acid, 
the nitrogen obtaining oxygen directly from the air, and 
so providing against the excess of ammonia Vhich might 
readily occur in certain soils, producing uesults which 
might be fatal to animal life, if not provided for by an 
enormous vegetation. At the same time it does seem 
reasonable to suppose that the cause of a diseased climate 
may frequently be found in such a decomposition as that 
mentioned, when too much ammonia has been formed, 
or too little nitrogen has been removed by the formation 
of nitric acid. All the circumstances may be present for 
the purpose — abundance of nitrogen compounds and 
moisture ; even a very warm climate is not essential. And 
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it also seems reasonable to suppose that the formation of 
nitric acid is one of the means by which such evils are 
avoided, whether in town drainage, where it becomes 
evident ^rom the great amount found, or in the imper- 
fectly drained and rich, although not swampy, lands of 
tropical climates, where the large amount of nitrogen, if 
converted into ammonia, would, no doubt, produce the 
worst effects. 

Excellent, however, as a porous soil is and a gravelly 
hill, it is possible to overload them ; and, in that case, their 
porosity tends to evil, because the passage from one place 
to another becomes so easy. “This is one of the evils that 
does not take place on a clay soil, where sewage matter, 
remain? unabsorbed and traceable, however noxious. 


MARSHES. 

This subject is too important to be treated in one 
chapter, and I have not much of my own to say, but it 
seemed right to give a few words from the latest writings 
in Italy at a time when it is possible that, by driving 
onward our plans of irrigation by sewage, we may be 
changing considerably the atmospliere of certain districts. 
The plans which arc given in this volume for examining 
air will shoVv, I believe, clearly whether the irrigated land 
causes the air above to be inferior or otherwise. The 
subject of miasms from marshes has been taken up in 
Italy with renewed vigour, and a few extracts may find 
place here from a little volume, called ‘ II Miasma Palus- 
tre : Lezioni di Chimica Igieuica,^ate nell’ Istituto pro- 
vinciale di Mantova, a Antonio Selmi.’ Padova, 1870. 

‘ Let a ray of light enter a dark room, and you will see 
along the line myriads of bodies, to which, not long ago, 
was given the name of liwo, equal to atmospheric dust.’ 
.(P. 8.) A beginning like that by Lucretius. 
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‘ One of the most hurtful maladies is the intermittent 
fever, which, if not cared for in time, may grow from an 
intermittent to a deadly one. The symptoms Jiave been 
studied by medical men, and the cause of the fever has 
received the name of miasma. Of these miasmas there 
are various, according to their origin. Some proceed 
from animal bodies in putrefaction, and also from sound 
bodies, and these may cause a bad habit of body and 
other illnesses, more or less acute, but they never pro- 
duce intermittent fevers with special character ; these are 
produced by vegetable substances, which are subjected to 
putrefaction, particularly iT alternately immersed in and 
taken out of water.’ (Pp. 9, 10.) 

Ke says afterwards tljat such fevers were never found 
near the large manufacture of manures at Montfaucon, or 
pii the canal of Vettabia, which receives the sewage of 
Milan. 

lie quotes Simiuot as saying that, ‘ wherever the marsh 
miasm exists, man is put into the dilemma cither to re- 
move the cause or to be annihilated.’ — ‘ In such places the 
deaths are more numerous than the births.’ (P. 12.) 

‘ The existence of a substance in the air capable of dis- 
arranging greatly the organism in certain circumstances 
was admitted by the ancients as by the ‘moderns, and 
Varro, in his book ‘ De Ee Eustica,’ attributes the cause 
to insects, which are produced spontaneously where the 
waters become marshes, and penetrate into the organs. 
Such for a long time was the general opinion.’ (P. 14.) 

But Varro had not a microscope. 

‘ I have said that the smell of the marshes was con- 
sidered by the ancients as the cause of fever, and one 
reason is, that those who are attacked are always those 
who have been exposed at night to the influence of the 
air, but more particularly at the approach of night, or 
the first twilight of morning — proi;er’y speaking, at the 

t I. 2 
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time of tKe formation of the dew ; and this is the time 
when the smell is most intense.’ (P. 17.) 

‘ Humbpldt said that in Mexico the fever did not trouble 
those who were 900 metres above the marshes.’ (P. 18.) 

This is very high. 

The author then reasons that the cause cannot be a 

gas- . ^ 

He collects the moisture of the air by freezing — 

‘ Having in one night, at a temperature of 10°, collected 
670 cubic centimetres of liquid, I concluded that, as every 
cubic centimetre had a specific weight of 1‘004, the liquid 
had been taken from 137 cubic metres of air.’ (‘A cubic 
metre of air, according to Pouillet, containing 4’91 
grammes of vapour of water.’) ‘ The water was examined. 
After allowing it to stand it was found by the microscope 
to contain a deposit. This w'as formed of a multitude of 
seeds of alga; and myriads of microscopic infusoria swim- 
ming. This, my first observation, was confirmed at 
the same time by Dr. Pietro Balestra at Kome .... He 
uses these words : “ In the microscope the condensed 
dew exhibits only a surprising quantity of spores and 
sporanges.” ’ (Pp. 34, 35.) 

Dr. Palestra has given his observations in the ‘ Memoirs 
of the Academy of Florence,’ I believe. I have not yet 
been able to see them. 

The reference to Terentius Varro led me to look up 
that work which, however common in name, very few 
people seem to possess and still fewer to read. The 
chapter referred to is the 12th of ‘ De Ee Eustica,’ lib. i., 
using the text of the Amsterdam edition of 1623. A 
portion runs thus 

‘ Danda opera ut potissimura sub radicibus mentis 
silvestris villam ponas, ubi pastiones sunt laxae, ita ut 
contra ventos qui saluberrimi in agro flabunt. . . . Adver- 
tendum etiam si qua erunt loca palustria, et propter 
easdem causas, et quod arescunt, et in Us crescunt 
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animalia qucedam minuta, qum non possunt oculi consequi, 
et per cera intus in corpus per os et nares perveniunt, 
atque effidunt difficilesmorbos. Fundanius : Quid potero, 
inquit, facere, si istiusmodi mi fundus haerodifate obve- 
nerit, quo minus pestilentia noceat? Istuc vel ego 
possum respondere, inquit Agrim, vendas quot assibus 
possis ; aut, si nequeas, relinquas. At Scro/a, vitandum, 
inquit, ne in eas partes spectat villa, ex quibus ventua 
gravior afflare soleat; neve in convalli cava; et ut 
potius in sublimi loco ajdifices, qui quod perflatur, si 
quod est quod adversarium inferatur, facilius discutitur. 
Praeterea, quod ab sole tofco die illustratur, salubrior est, 
quod et bestiolas, si qua? prope nascuntur et inseruntur, 
aut efflantur, aut aritudine, cit6 pereunt.’ 

Having no translation by me, I shall give one, not such 
as a critical Latin scholar would give, but such as may 
be excused in one who has only occasionally read Latin 
since his youth. • 

‘ The greatest care ought to be taken to have a villa 
built at the foot of a woody hill, where the pastures are 
open and exposed to the most wholesome winds. 

• •*••• 

‘ Attention must also be given to see if there are any 
marshy places, both for the reasons givcp and because 
they dry up, and because in them certain minute animals 
grow, which cannot be followed by the eye, but which 
enter into the body by the mouth and nose, and cause 
troublesome diseases. 

‘ Fundanius : “ How then shall I prevent the pestilence, 
if my farm comes to me by inheritance ? ” “ That I can so 
far tell. Sell it for as much as you can get ; and if you can- 
not sell it, you must leave it,” says Agrius. Scrofa added, 
“ You must take care not to build the villa where the wind 
is violent, or in a deep valley; it is better to have it on a 
high situation, where anything that blows against you is 
easily driven away. Besides, that place is healthier which 
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is lighted all day by the sun, because the little animals 
(anipaalcules) if they are produced and brought in are 

either blown away again or die on, account of the dry- 

» » 

ness. 

How could this idea come into the minds of men with- 
out microscopes ? It seems to me that it must have come 
from observing the midges or smaller gnats that rise from 
water so frequently in the summer evenings. The mind 
can readily picture to itself some so small as not to be 
visible. Indeed, the midges that do torment us in the 
evening in moist places are not actually seen. If this 
were the origin it would really^ be only an accident that 
prompted the reasoning. We have seen that the latest 
Italian idea is rather that the cause of .the evil from 
marshes is not animal. 

What is a marsh ? This is not very easily defined. 
There must, however, be present water and plants.* We' 
are not quite sure that the plants must be of a particular 
class, although it would seem that plants of a certain 
class are among the guilty. We may with great certainty 
look to at least two sources of malaria from marshes, the 
living and the dead plant, without saying whether the 
poison is itself animal or not. When water contains more 
vegetable matter than it can oxidise, by the amount of 
absorbed air, some is given out as we know, and the 
results are bad. There may be apparent exceptions, 
when the soihis so porous that the water passes rapidly 
through, and carries with it the dissolved matter before it 
has time to evaporate. If the soil is not porous to a great 
extent, the first may happen — that is, some will pass into 
the air ; if very porous, the second — that is, it will be car- 
ried below until oxidised : when the first happens, the 
plants may be better fed, or there may be a loss by sur- 
face drainage 'according to the condition of the soil: 
when the second happens, there is the action in the under 
drainage with its consequences. 
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Now how much sewage of a giveii strength will any 
given soil endure ? We must know the exact strength, 
also the rapidity of drainage, next the amount of rain- 
fall, as some of the elements in our calculation. That 
which may be pleasant in one place may cause a 
marsh fever in another. After deciding that there shall 
in any given place be no excess of matter coming off, 
the next question is, How much of the manure is actually 
usedP We are often told of the groat amount of crops’ 
obtained, but the true economical jjoint is, IIow much is 
saved ? The sanitary point — IIow much escapes into the 
air? — is the chief question, but that passing into the water 
is not to be neglected, (See ‘ Conversion into Nitrates,’ 
p. .508.) 

This, like ventilation and many other problems, refuses 
a simple solution. 

•To give examples. It seems probable that the soil of 
the south of England, being more pbrous than in most 
places in the north, will be very well suited for irrigation 
by sewage so far as the sanitary question is concerned. 
Besides this, the rainfoll in the middle, east and soiith- 
east, being smaller than in the west and north, there 
is a reason why these first parts should take up sewage 
more easily without hurting the atmosphere. The ex- 
ample was set in the north, it is true, but in a rough way. 
The amount of sewage which soil can bear must be 
according to its porosity and the rainfall, when ice does 
not interfere. But these are not the only points ; the 
amount is complicated by fertility which again is modified 
by temperature, and the question for any untried soil or 
climate is so difficult as to be at present out of our 
power of satisfactory calculation. In such a case, we are 
driven to ask the question directly of nature, and this must 
be done in several places and with great care. How much 
sewage will affect the atmosphere at various seasons of 
the year and in various parts of Britain ? I believe the 
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metliods used in this volume will decide whether the air 
is more loaded with material, and we can reason on the 
probability of the good or evil of tliat material. 

I give no decided opinion further than this : that to 
treat all places in a similar manner is to seek failure, and 
to apply experiments in Middlesex to prove what can be 
done in Lancashire or in Lanarkshire is to rush on dis- 
appointment. The labour required is enormous : it is to 
be hoped that we shall now have experiments better 
regulated, hitherto thirty years have scarcely produced 
new results. 

The economic question requires the same diversity of 
treatment. I suppose the British Association Com- 
mittee will give it the attention so much required. Their 
work is very promising. I felt it right to say, when speak- 
ing on this subject, that we must not make new marshes ; 
and I speak of no chimera. ' 

The death-rate in Scotland even for counties follows 
remarkably near the density of population, although the 
effect of personal influence seems too small to be felt, 
except in the interior of houses, and leads us to look to 
the soil as one of the causes. When towns come in, all 
other causes retire, and meteorology as well as soil, with 
the earth and the air, are comparatively feeble in forming 
the annual average, although the former at least never 
fails to affect' the monthly and seasonal average to a very 
large extent.* 

There seems to be a confusion in many minds between 
peat bogs and marshes, but the difference is very great. 
No peat-bog gives out marsh fevers and agues, although 
the cold and wet may induce rheumatism. The acid 
peat prevents decomposition, and so removes all the 
results of putrefaction, which some people suppose to be 
the origin of the evil in marshes. The living plants 
which may be the cause are not in the peat-bogs. 
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VENTILATION.* 

The demands of ventilation would best be explained it 
we could reply to these questions : — What is the smallest 
amount of carbonic acid which may be called injurious ? 
and what is the smallest amount of organic matter ? 

The amount of carbonic acid in the air is under ‘04 per 
cent, in places that are healthy, but not above ’032 in 
the most open and healthy places. About five times that 
amount affects a candle sensibly, a photometer being 
used, and it is extremely pft)bable that less affects it also ; 
are human beings affected as readily I rather avoid 
this question at present ; we have not facts enough. But 
we do not require to speak of the gas except in conjunc- 
tion with organic matter, and 1 per mille, Pettenkofer’s 
point, seems a very natural point to fix on as the first 
stage of very bad ventilation when th*e exhalations from 
the body are present with it. Let us take the two 
together, and we then find that much depends on the 
temperature also. If the day be warm we may pass from 
a room having ’06 in a hundred of carbonic acid to the 
air with '03 and feel refreshed. If the day is not warm, 
we do not feel the difference ; at least, sueh persons as I 
have examined do not. The conclusion is that in the 
early stages of the want of ventilation the organic exhala- 
tions are the most injurious. Now these incfease with the 
temperature whilst the acid does not. For this reason 
we ventilate in warm weather for the organic matter far 
more than for the sake of the acid. As the former has 
not hitherto been estimated by weight, we may view the 
subject only in relation to the carbonic acid. I think it 
probable that we shall be able to view it ajpo in relation 
to other substances. For example, so much temperature 


* Partly from the * Report on the Air of Mines/ 1803. 
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will represent so much organic exhalation, and the volume 
of air will differ accordingly. This is not attempted yet, 
but it is now in our power. 

It is offcn asked, How often must we renew the air of 
a place in order to keep up the purity at a given point ? 
The first column of this table gives the amount per 
cent, of carboiiic acid which we may suppose to be 
maintained for any purpose in the air, the other columns 
the amount of air required in ordp that the amount of 
carbonic acid should not be exceeded. 


Amount of Pure Air required per Hour^ in Cubic Feet 


Carbonic 
Acid 
per cent. 

For a Man. 

For a Candle. 

For a Man 
and Candle 
together. 

•4 

100 

50 

160 


- 133 


200 

•25 



240 • 

•2 



300 

•1 



GOO 

•09 



GGO 

•08 




•07 



857 

•00 




•05 




•04 



1,600 

•03 ^ 


GGO 

1,999 

•02 

4 


1,000 

3,000 


If a man brings 100 cubic feet of air to contain '4 per 
cent, of carbonic acid in an hour from zero, he will bring 
1,000 cubic feet up to ‘04 in the same time, and he will, 
therefore, at the end of the hour be ready for another 1,000 
cubic feet of air to prevent the amount exceeding the 
proposed limit. But if the air which. is supplied contains 
already ‘04 per cent, of carbonic acid, he will not be able 
to keep the air of the space so pure. Let us suppose that 
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lie chooses for his limit ‘06 — that is ’02 higher than that 
which he receives as fresh — he will bring 2,000 cubic feet 
up to that in an hour,;and this will be the constant supply 
wanted. The table will, therefore^ do for that condi- 
tion equally well ; we only require to look at *02 above 
the air of the place, and we see 2,000 feet stand oppo- 
site it. 

If this is correct, the amount of air required for venti- 
lation will depend on the quality of air supplied. Let us 
take a manufacturing town with "04 of carbonic acid 
and ventilate 1,000 cubic feet. A man will bring the 
air up to '08 in an hour, he will then require another 
1,000 if ho does not allow it to go higher, or if he prefers 
it to stop at '06, ho will require 2,000. 

Amount of Air containing *04 jier cent. Carbonic Acid — my town air — 
required yer person per hour. 

Cubic Foot. 


To keep 

air at 

•05 . 

. • . 4,000 

V 

yy 

•00 . 

. 2,000 

)y 

yy 

•08 . 

. 1,000 

}) 

yy 

•10 . 

. 666 

i» 

yy 

•12 . 

. 500 

}) 

yy 

•14 . 

. . 400 

V 

yy 

•10 . 

. 336 

V 

yy 

•18 . 

. 286 

yy 

yy 

•20 . 

. 250 


But let us suppose the air to contain only ‘032 per 
cent, of carbonic acid, we do not require so i^uch. 

To keep air at *05, subtract ’032, and we have '018, 
which is used to divide '40, giving us 22'22, which mul- 
tiplied by 100 = 2,222 cubic feet. 

As some persons put down 0’6 as the amount of car- 
bonic acid produced in 100 cubic feet of air in an hour, 
column II. is added for that mode of calculation. If this 
amount be general, all the quantities would lequire to be 
increased in the same ratio, but I go by my own ex- 
periments. 
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Cubic feet of Air containing *032 per cent. Carbonic Acid, required per 
person per hour when A is produced in 100 cubic feet per hour, and 
when *6 is produced. 

I. • II. 

• When *4 is produced. When *6 is produced. 


To keep air at *05 . 


. 2,222 . 



3,333 

ff 

f, *06 . 


. 1,428 . 



2,142 

ff 

„ -08 . 


. 833 . 



1,250 

ff 

„ -10 . 


. 588 . 



882 

ff 

„ *12 . 


. 454 . 



681 

ff 

,, -14 . 


. 370 . 



555 

f) 

„ -16 . 


. 312 . 



4G8 

ff 

„ -18 . 


. 270 . 



406 

V 

„ *20 , 


. 238 . 



357 


When the ventilation is desired to be very good, the 
amount required when very pure air is supplied is much 
less than with imperfect air. As the demands become 
less, the difference diminishes. If ozone were taken into 
consideration, the difference Would probably be much 
greater; but I do not know what allowance to make' 
for that body, and* have left it out of consideration. In 
the smoky towns there is none at all. 

The space 100 cubic feet, of the first table, has been 
supposed for convenience ; but if it were 1,000 cubic feet, 
the actual amount of air consumed by a man would, of 
course, not be less or more, and the supply would require 
to be the same for his lungs ; but the time required to pro- 
duce the effect on the total space would be different. This 
point having* been very strongly held by some scientific 
men, the conclusion has been drawn that in all spaces, and 
under every circumstance, the same amount of air must be 
supplied. Now, it is true that the same amount is to be 
actually breathed, and if this breath is thoroughly mixed 
with all the air of the room, the same amount must be 
supplied for ventilation, whatever the size of the room. 
But let us suppose — the most common case — that the 
thorough mixing does not take place, and we have at 
once a different amount of air required. The calcula- 
tions become, therefore, incorrect on this supposition. 
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and the above tables have this error. The other condition 
— namely, imperfect mixing — is so various and character- 
istic, that we cannot reduce it to rules ; we may hold a 
smoking substance in the midst of an apartment^ and find 
the smoke go directly to an opening without mixing with 
the air of the room. It goes, too, with a velocity greater 
than that of the air of the room, otherwise an opening 
must be supposed sufficient to change the whole air of 
the room in a few seconds, that being the time required 
for the smoke to reach the opening. If we could drive 
the impure air in a similar way in a narrow current 
towards its exit, we might manage ventilation with a very 
small amount of air. To do this is a matter of great 
importance, because the expense of building is becoming 
so great, that very few men can afibrd to pay for a large 
enough house, and whils! rents are rising, the rooms of 
thfe middle classes have actually diminished in some places, 
and within these few years. Yet the (Jvil of small rooms 
is groat, because rapid currents are required for ventila- 
tion ; cold currents are hurtful, and the warm difficult to 
obtain. If, however, we could obtain warm air-currents, it 
would not be important for us to have the rooms so large. 
It is a question of price. I believe the warmth must be 
obtained as the first demand of nature, and without it 
civilisation will go back. When men are cold, they give 
themselves to physical exercise, and if thafis impossible, 
to discomfort, in which the mind refuses to *do more than 
to complain, if it cannot forget. Which is cheapest for us ? 
Is it to build large rooms and to have less warmth with 
slow currents, or to build small rooms and to have more 
warmth with rapid currents ? It is to be wished, that 
the former should be the rule for private houses, more 
comfort and convenience are promised, and mechanism 
is not required; if it were, it could not be obtained. 
For hospitals, the use of mechanism is more within pos- 
sibility. The expense of large rooms, when the architec- 
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tccture is of a kind intended to ornament a capital city, is 
very great ; should we not gain by a judicious system of- 
warming ? Our methods of warming are very cumbrous, 
and we seem to be behind ancient Eome and modern 
Russia. We warm the air which changes in a moment 
when a door or window is opened, and we do not warm 
the house itself. Builders make the walls thinner in these 
da3’s, and we sit at a fire very much as savages do 
over a blaze in the open air. 

This is less the case with large rooms, where we 
require slower currents. We may next ask. Is there any 
advantage in rapid currents at any time ? There is ; in 
the case of infectious diseases, it would seem in the 
abstract to be of the greatest importance that the patient 
should be in a current, speaking as a chemist, and not a 
physician. The first reason is for his own sake. Even 
in health we poison ourselves, and in disease we tend 
more rapidly in the same direction. Infectious emana- 
tions may be collecting round a patient, .and if so, the still 
air will keep them more carefully near him. I speak only 
generally, and do not enter on the hospital controversy. 

Perhaps we cannot have rapid currents in large rooms 
very easily, so much air is required ; but we can have 
frequent changes of air. It is clear, however, that the 
rapid removal of the air collecting around patients with 
infectious diseases, and probably, .also, non-infectious, is 
most likely tb promote health, both in the patients and 
in the attendants. Pew people can stand the rapid motion 
of cold air, and if we must have ra2)id currents, they must 
be heated. 

The source of the air with which we ventilate ought 
probably to be high in all cases, but even here we must 
move slowly,. We are not quite sure that any infectious 
disease ever sends its emanations high into the air. 
Disease seems to creep along the ground ; the causes may 
bo at a considerable height, but we arc conapellod to suppose 
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them very thinly disseminated there ; and the action seems 
to be according to quantity as well as int/^nsity ; towards the 
surface they congregate and are active. This we see 
from the evening air especially in marshy pfaces ; it is 
only after a certain repetition of the attack of the more 
thinly diffused wandering substances falling down from 
the atmosphere and accumulating, that men yield to the 
influence. As a rule, it would be unnecessary to purify 
the air of the daytime, if in an open place, even in 
average towns ; and in most places it would be un- 
necessary to purify the air of the night in this country. 
Ij would, however, be better to warm it in northern and 
damp climates, and even in temperate climates, in order 
to produce a difference of temperature between the air 
entering the room and that within it, even if the neces- 
sity arising from the cold of rapid ventilation did not 
occur. In inhabited rooms the moisture increases as 
much as the organic matter, and the Condition of the air 
is similar to that of the evenings of summer : whenever 
the temperature goes down a little, there is a deposit of 
dew ; but when the warmth increases, the air is laden 
with moisture, and the condition resembles that near 
a warm close vegetation. In both cases ventilation is 
wanted. Our walls become saturated with moisture if 
they are porous, if not porous they are covered with 
streams of water. The moisture has orgaliic matter in 
it which is not removed by mere drying, asnd the effects 
arc very long in leaving. We may know this from 
breathing the air of any bed-room in a London hotel, or 
in most private houses in towns. People are afraid to 
keep their windows open because of the smoke without, 
and so they retain the organic matter. We can readily 
smell this, even if arising from healthy persons, and it has 
ceased to be a matter of surprise. If unhealthy persons 
are present, unhealthy matter may be expected to diffuse. 

If, then, any disease is propagated by organic germs 
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living on the organic matter of the atmosphere, or asso- 
ciated with it, it is not at all wonderful that the disease 
should lurk in corners of houses,^ in clothes, or other 
porous matters, simply because we can trace floating 
matter to its lodgment in such places. 

It is remarkable how readily porous bodies absorb 
the moisture of the air, and substances with it. I find 
that the leather on the bookcases in my study, where gas 
has been used, is made rotten, and in exact proportion to 
the height, the highest being so frail that it can scarcely 
be handled, whilst the lowest is still pretty firm, although 
much less so than at first. The amount of sulphuric acid 
in the pieces is also in proportion. The intermediate 
are afiected in an intermediate way. No better proof 
can be had of the absorptive action of these porous sub- 
stances, and of the unequal state of the atmosphere in 
various parts of a room. 

When rooms Which have absorbed orgapic matter 
have been shut up, the original peculiar smell ceases, 
and a musty one takes its place ; we recognise something 
which instantaneously brings that of mould to our minds. 
We cannot doubt that the air in such cases is full of the 
spores of such plants; the plants themselves grow in 
abundance, and we know well that when they grow 
they readily send out colonies. The leather of the book- 
case was said to show the inorganic bodies ; the books 
themselves are covered with the organisms when care 
is not taken, so that one small room gives an epitome 
of the whole subject. We have here, therefore, no 
mysterious agent, but one that is perfectly plain. Why 
should the agent be mysterious in the case of the in- 
fectious disease ? It is only so far a mystery — we do not 
know the different plants or organisms, and so cannot tell 
whether we have health or disease in them by merely 
examining them through a microscope. 

If porous substances have the characteristics alluded 
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to, why use them ? There are some difficulties liere. If 
a wall is to be cleaned frequently, and rubbed when wet, 
it is better that it aliould not be porous. That seems 
quite clear ; but when these jirocesses cannot fie under- 
taken, it really seems as if it were better to have it 
jiorous. Such substances absorb moisture in some 
seasons, and give it out slowly at others. Our clothes 
are of this kind. It is not possible to Iiave warm 
coverings not porous. ^I'orous bodies hold also a good 
deal of air, and they aiuse oxidation more readily. 
Nature has employed them for disinfection nlore than 
any others. The whole soil of the earth is a great dis- 
infectant, kept in constant activity, being constantly re- 
quired, holding in itself the most nauseous and unwhole- 
some things, and still having healthy people living over 
it. However, the soil nfay be too fidl, and at times it 
be»?oraos so, and therefore we run to ])laces which cannot 
contain much impurity, such as bare rocks ; and in such 
jilaces we obtain pure air. If in houses we have too 
much organic matter for the porous substances to oxidise, 
we must resort to noii-porous surfaces; but then they 
must, like the rocks, be often washed, or excessively 
exposed to the air or the warm sun. 

To purify rooms the air must blow long jnto them, or 
every part must have the organic matter rubbed off by 
the hand. This is a sufficient rule for both hospitals and 
private houses. Good rubbing will purify fi^niture, and 
this our housewives know ; long-continued currents of 
air are also known to be good, but better a.s a sup[)le- 
ment to rubbing. The rules are very easy chemically, 
but mechanically they are difficult. This is merely a 
repetition of that which has been said elsewhere, and 
long ago, although it is here stated in other words. The 
world must be told everything in ten thousand different 
ways before it learns, and it is wearisome to repeat the 
lesson. 1 am only saying, also, what every clean house- 

M M 
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keeper carries out ; and yet there is an apparent novelty 
in, it when we compare it with the sayings and doings of 
many persons, intelligent and observing although they 
be. 

Eeasons for Ventilating. 

It is often asked how much fresh air we must allow to 
come into a room in order to keep it wholesome ; so far 
as carbonic acid is concerned, some information has been 
given ; but the amounts vary so' much, that we shall 
never be able to answer the question as it arises in all its 
changes unless we consider our reasons for ventilating. 

The first is certainly the dislike to organic smelling 
substances evaporated from living beings. As some of 
them are very volatile, a very little rise of temperature 
increases their amount ; and in warm weather we require 
a change of air so frequently, that we cannot make any 
use of the carbonic acid test. The amount of change is 
infinite ; we require it foi* every breath, ancl we do not 
consider whether a door is sufficiently open ; we open all 
doors and windows, or leave the house entirely. 

Let us take the other exti’eme — a very cold room — an 
Eskimo ice hut. The amount t)f air wanted is wonder- 
fully small ; we do not know how much the carbonic acid 
may rise, but' it must be very high. The organic matter 
is frozen, and is probably condensed on the ice ; it may 
be inhaled as a solid, and in a form not to affect the 
smell. For a similar reason we require less ventilation 
in cold weather : it is not foolish, as some will endeavour 
to persuade us, to take less, but it is a natural instinct. 
We object to the cold, and we learn that heat is a more 
pressing want than even pure air, whether the organic 
matter affects our senses or not. 

The next" reason for ventilating' is allied to the first ; 
we say it is to produce freshness. This means that, 
although all the air of the room be quite new, it has 
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received a something from the surfaces in the room 
which must be cleared out. Tliis is the reason that 
Jiousewives like to keep the doors and windows open, 
and allow the air for a time to blow through t?ie house. 
This process removes the last particles from the furni- 
ture, and is that finish which polishing cannot give. 
If the undefined impurity exists in large quantities, only 
rubbing can remove it rapidly, and this is done when we 
clean thoroughly walls and furniture. If very bad, and 
time presses, whilst elegance is not a demand, we cover 
the whole, and find whitewashing to be a ready mode. 

The other reasons for ventilating have arisen from 
scientific inquiries. We wish to remove the carbonic 
acid ; we might be able to find this gas by thp senses 
if it were very abundant ; but it is not so as a rule, 
until after our senses have informed us of the organic 
accompaniments. It furnishes, however, one of the 
most important, and probalily the most important of the 
reasons in every-day life, because carbonic acid is the 
most rapidly hurtful to animal life of all the emanations 
from the person. It lowers the vitality rapidly, and kills 
with indefinite warning. The best warning is the or- 
ganic matter, which acts for both. The warning by 
carbonic acid is called indefinite, because people lose 
vitality, but do not observe that the cause is in the 
atmosphere, there being no smell connected with that 
gas. At night, when lights are burning, 4he ciirbonic 
acid warns better than the other impurities, bj simply 
putting out the candles. This seldom occurs in private 
houses, but dim burning is common enough. Mr. James 
Napier, F.C.S., tells me that he has seen the candles 
beginning to go out in a small meeting-room in the 
country which had a low ceiling and was crowded. It 
was needful to keep the door open. How blunt, then, is 
our perception of carbonic acid ! 

Another reason for ventilating is to remove solid 
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floating bodies, including infectious matter, fungi, and 
peculiar emanations arising from disease or other ano- 
malous conditions. These floating jbodies can sometimes 
be distinljuished by the sense of smell — in the case of 
mould, for example. If it were possible to describe a 
smell completely, this class would be largely subdivided, 
since experience has made many persons very learned 
on this subject. It is, however, a knowledge which we 
have not yet been able to receive from or communicate 
to others. This whole question requires careful ex- 
amination*. The knowledge of the smell cannot be 
taught, but it may guide us much that can be taught. 
Ventilation for this cUiss of bc-dies will be probably 
much more attended to in future ; care must be taken 
to drive them to the nearest opening, and not to allow 
them to diffuse themselves through the room in which 
they may be produced. In some cases resort must pro- 
bably be had to rapid artificial and heated cuarents. 

We ventilate to remove smoke and ordinary dust; 
these are easily seen ; and we use ventilation to procure 
dryness. Moisture rises constantly from the skin, and 
if an inhabited apartment is not ventilated, that mois- 
time accumulates. By opening the windows we cause 
floors to dry sooner, and we remove moisture from 
all the apartments, and that moisture has generally 
organic matter with it. If rve ventilate with very moist 
air, we shall dry nothing ; if wo have very dry air, we 
may dry too thoroughly. It is, however, better for us 
to have what is called practically dry air, that is, air 
capable of containing much more moisture than it has. 
The amount of drying work done is according to the 
dryness, warmth, and speed of the air ; with little of these 
qualities, a great bulk of air is required, where other- 
wise a small' bulk might have sufficed. By warmth and 
dryness we have an advantage in requiring less rapid 
currents. I have said elsewhere that a climate has a 
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certain advantage from being very rainy. To call dry- 
ness an advantage is not a contradiction. When rain 
falls down and washes the air, we &in feel the benefit ; 
when the substances floating in the atmosphere are dried 
up, we can imagine the advantage ; but when the air is 
kept loaded with moisture which does not fall as rain, 
and is not carried olT by wind, we can easily understand 
why the results should be hurtful. That it is not the 
watery vapour itself that injures may be learnt from dye- 
houses, where men spend their lives in all conditions of 
dampness, sometimes in steam dense enough to make it 
difficult to see to the distiflice of a yard. There they 
have not the heavily-laden moisture of hot-damp climates 
with rich vegetation, and they have abundant warmth, 
so that the moisture is not used for absorbing heat and 
producing colds. 

In a very temperately, and I may say beautifully- 
written pamphlet by Dr. De Chaumont on ‘Ventilation 
and Cubic Space,’ he discusses the amount of air re- 
quired for 1,000 cubic feet for an individual, and refers 
to a discussion on the subject which had about the time 
(1867) taken place. 

He says, p. 9 : — 

‘ Now to attain this minimum, that is, to ellsure the car- 
bonic acid ratio never rising above ’06, we must supply 3,000 
cubic feet per head per hour ; for, taking Professor Donkin’s 
formula — • 

p 

» s= » 4- — ; when x — ‘0006, A = 3,000.' 

A 

Here p= carbonic acid per cubic foot. 

P=-6 carbonic acid given off by one adult in an hour. 

A = delivery of fresh air in one hour, 
a: = ratio of carbonic acid desired (in this case *0006 
per foot.)’ . • 

* Leaving out a term of the formula, which becomes rapidly inappreciable. 

p P —M 

The complete would be x=p + ^ • 
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The conclusion to which this leads — namely, 3,000 
cubic feet per hour — it may be right to atlopt when there 
is uniform diffusion ; but I may sayrthat I did not obtain 
in the lead-chamber so much. The amount was ’4 
cubic feet of carbonic acid per hour, which would lead 
to 2,000 cubic feet per hour with uniform diffusion. 
My trials were not made on large men, although on 
liealthy. 

At the end Dr. Dc Chaumont sqys : — 

‘1. We cannot safely accept a lower standard than 
•06 per cent, of carbonic acid. 

‘ 2. We cannot safely legijilate for anything short of 
uniform diffusion in an air-space. 

‘ 3. Uniform diffusion being supposed, we cannot pi'c- 
serve our minimum standard of purity with a less 
delivery of fresh air than 3,OO0 cubic feet per head per 
hour. " 

‘ 4. We cannot' safely change the air, on an average, 
oftener than six times in an hour without producing 
draughts. 

‘ 5. With ordinary means of ventilation, we can seldom 
hope to succeed in changing the air even six times in an 
hour. 

‘6. We must provide an air space which will admit of 
the delivery of 3,000 cubic feet per head, per hour, 
and at the same time preclude the necessity of changing 
the whole ail so often as six times per hour. 

‘ 7. To fulfil all the above conditions, a minimum of 
1,000 cubic feet per head is absolutely necessary. 

‘ 8. To provide the supply of 3,000 cubic feet per 
head per hour, so that the velocity of the current at 
the point of entry should not exceed 5 feet per second, 
48 square inches of total inlet and outlet area ought to be 
provided, and this independent of the chimney, if there 
be an open fireplace.’ 

Men compelled to come to a conclusion are obliged to 
postpone many questions, and I should think, that under 
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the judicious management of Dr. De Chaumont, such an 
arrangement would be very good. If, however, I were 
asked to view the mutter in the abstract, not for the 
sudden use of a builder, I sliould say, regarding No. 1, 
the amount of '06, recommended also by Pettenkofer, is 
veiy good at a temperature not to be considered cold. 
When cold, we can stand a great deal more ; how much 
I do not know. Nature prefers tlie increased carbonic 
acid to the increased gold. As before said, the cause of 
this is the organic matter being condensed by the cold. 
On the other hand, organic matter rises with warmth, and 
oppresses us before the crft'bonic acid increases much. 
This division of the subject has not been attended to. 

No. 2 cannot be carried out fully, except when the air 
is rather warm ; but tlie nearer we ajiproach to uniform 
diffusion, the more hurtlul must it be, and especially in 
cuiles of disease. Professor Donkin is quoted as saying, 
p. 8 : ‘ It seems hardly conceivable, though it is mathe- 

matically possible, that the whole quantity of poison 
remaining permanently in a room could be reduced by 
any contrivance below that of uniform diffusion.’ If I 
understand this right, this uniform diffusion for removal 
of impure air is never resorted to in private life, and, 
perhaps, never occurs at all when open lires are used. 
If a room is full of smoke, we may put up a window and 
see the smoke driven forwards almost umnixed with the 
air; and if a door is opposite the window, and clear 
passage, the whole may be cleared with extremely little 
diffusion. The act of filling the room equally with pure 
air is not uniform difTuvsion ; but if air, pure or impure, 
mixed itself equally with that of all parts of the room, 
that would be uniform diffusion. This, practically, does 
not occur in our rooms. Suppose the room to be full 
of carbonic acid for an extreme case, let us pour in air 
above and make an opening below, and there would be 
scarcely any diffusion. Let us, again, suppose it to be 
tilled with coal-gas — we might make an opening above 
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and drive air in below ; and this actually is done at gas 
works, the gas coming out free from the air till very near 
the junction. The diffusion of gases is in reality a slower 
operation* than we have imagined, and this is the reason 
that our courts, alleys, and houses become so easily un- 
wholesome. One part may be cold and another warm 
in the same room ; one man may breathe *08, and another 
•15 of ctmbonic acid ; at one part he may be comfortable, 
at another he may faint ; a current of pure air may run 
along the floor to the fire, when those above it may be 
poisoned. • These figures are from actual analyses. 

The other proposition by Professor Donkin is, that 
‘ the same supply of air will equally ventilate any space,’ 
or, what is the same thing, as much air is required for a 
small space as for a large space. Uniform diffusion being 
allowed, this follows as a matter 'of course. 

Cotton, as Absorbent or Filter. 

As Dusch and Schroeder found cotton to keep out the 
germs in the air, 1 tried it on the chlorides and sulphates 
with great success; the experiment was made with a 
water aspirator, and must therefore be compared with 
those done in a similar way. When the cotton is washed, 
the salts are found in the water. ^ 


A Water Aspirator, — Air drawn through Cotton Wool free from 

Acids, 


4 

DATE. 

Hydrochloric 

Acid 

retained by 
Cotton Wool. 

Hydrochloric 

Acid 

retained by 
Pure Water. 

Sulphuric 

Acid 

retained by 
Cotton Wool. 

Sulphuric 

Acid 

retained by 
Pure Water. 

Nov. ID to 
26. 


a. 

6. 

a. 

6. 

a. 

6. 

a. 

b. 

Fine. NE. 
and SE. 

wind. 

None. 

None. 

None. 

None. 

16-817 

86*068 

168*17 

860-680 

Nov. 26 to 
Dec. 17. 

Fine most of 
the time. 
NW. and 
SW. wind. 

17-626 

40*106 

1*168 

2*673 

60*861 

189*267 

162*27 

.371-366 


a. Grains per mill, cubic feet. 6. Grammes per mill, cubic metres. 

^ See experiments with cotton ‘Fifth Report of Proceedings under the 
Alkali Act, 1868,* p. 69. 
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Organic particles seem to be retained even more 
forcibly, and, as elsewhere mentioned, the cotton was 
found by the abave-mentioned chemists to prevent 
putrefaction. • 

Dr. Tyndall has been still more successful in removing 
particles from air by the use of cotton, as I understand. 

Dr. Stenhouse proposed that for many purposes the air 
should be filtered through charcoal, and Professor Tyndall 
has proposed filtering ^through cotton wool. The advan- 
tage of charcoal as a filter is peculiar; charcoal not 
merely absorbs gases and vapours, but it decomposes 
thoroughly some of them, and, by a process of oxidation, 
makes the most noxious innocent. It may be said to 
go on for ever, at least I am not aware that Dr. Sjtenhouse 
has found any limits in time to its work, so long as it is 
supplied with air. No ‘mere mechanical absorbent has 
this advantage. A greater activity was found when the 
charcoal was platinised, and this substance is peculiarly Dr. 
Stenhouse’s. It is not, however, used in a platinised state 
in large quantities, simply because it is too expensive. 

The ventilation of sewers is in many cases very im- 
portant, i.e., when people use no disinfectants ; but the 
ventilation is of course not a pleasant idea, because the 
gases are thrown into the air, and when thgre, we scarcely 
can tell what they will do. They become diluted cer- 
tainly, and their power of mischief diminished, and for 
some this may be as good as destruction.^ This advan- 
tage we gain by ventilating directly into the open air. 
It is the least of two evils. To remove this objection, 
the charcoal filter was invented by Dr. Stenhouse ; at 
least, this was one of its applications, and it is certainly a 
great step. The question may be asked. Is it a perma- 
nent step ? It seems to be true that we cannot lay hold 
of the gases of a sewer except in part ; they make their 
way by passages innumerable. I do not doubt that we 
could build houses that would exclude them, but we do 
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not build sucb. If ventilation is to be the cure, we 
may also add ventilation inwards, so that the air may 
find its wapr into the sewer, and not . out of it, except at 
prescribed spots from which we can defend ourselves. 
It is proposed by Peter Spence, Esq., to feed furnace 
fires with it, and so to burn out the evil as well as to 
send off its products of combustion. 

This seems very complete in principle. A ready mode 
of using the draught of an ordinary fire for the purpose 
woidd be good. Mr. Spence applied the heat of his 
kitchen fire' to this purpose with good effect, and perhaps 
this solves the whole problem of the ventilation process ; 
but care must be taken to have the chimneys tight, 
because the smoke Irom one chimney frequently passes 
into other chimneys, and thence into other rooms, making, 
in the case of sewer-gas, the end worse than the begin- 
ning. Here the stnicture of our houses, with their 
hollow walls and ihtcrminable secret and to us "unknow- 
able passages for air, come in to prescribe great caution 
lest we carefully drive the poison into the place where 
it can do most harm. Mr. Spence’s other plan, to use 
chimneys outside of the house, is free from this danger. 
However, this danger might be removed by proper build- 
ing, if it is not too expensive to do right. Houses built 
on a hill have a ready mode of sending off their gases by 
ventilating their sewers, but the houses generally become 
themselves the ventilators, and in towns the highest often 
suffer most from this reason, one apparently easy to avoid. 
We have in use no perfect way of ventilating sewers, and 
for this reason I have a good deal advocated their dis- 
infection, by which I mean the use of substances which 
prevent the formation of the noxious gases, instead of 
allowing them to form first so as to be sent away. The 
new plan of sewers, which may be called that of the late 
Board of Health, is to wash everything out so rapidly that 
it cannot find time to putrefy. This idea is good, but 
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is not easily attained by the greatest part of humanity ; 
a few favoured places only seem to have it. At present, 
the disinfection of sewers is equal to any mode of ventila- 
tion actually in practice ; but unless a better rcsfilt can be 
obtained, we shall be obliged to change our minds re- 
garding the use of water-closets, and allow the luxury to 
be foregone. The water increases the rapidity of decom- 
position, and the gases come off in a more concentrated 
state whenever the tenipeiature rises above 54° P. than 
when there is little water. The hope of success by water 
alone is in a great excess of it. Mr. Thom, df Chorley, 
who tried the rapid removal by abmidance of water in a 
country house, found the pipes to fill up by aggregations 
of fatty matter ; and judging it impossible to \YasIi this 
away, he opened the sewer-end, which hitherto had been 
closed to keep out the* rats, and, in order to prevent 
tlKse animals being washed away, made sidings or land- 
ings for them as the only perfect sc'avengers he coidd 
find. Wlicther disinfection would annoy these workers, 
who can say without full trial ? The two extremes are 
the safest, want of and excess of water. The first cannot 
be had in a sewer, and whenever there is stagnation a 
dangerous medium state is attained. In very dry climates, 
the evil may be more readily avoided than in temperate 
ones, and in very cold climates still more' so. 

I have been desirous of putting to use th6 modes intro- 
duced of examining air in order to settle<ihe important 
question, whether we suffer from the natural mode of treat- 
ing manures on the midden system more than from the 
watercloset system. Having been educated into a thorough 
belief of the great value of the water system, I have sup- 
posed that the greater amount of impurity always found 
in the air behind houses with middens, and in the neigh- 
bourhood of these places, was a sufficient answer to the 
question ; the examination of the air of Manchester given 
in this volume having led to it, but unfortunately the air 
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of Glasgow gave a no better result ; on the other hand, 
London seemed to give the balance for the water system. 
The difficulty may be stated thus : • 

The midden covers more ground than the closet, and 
there is greater exposure of surface to the air. 

The midden is a great accumulation also, and the 
amount of manure lying about a town where this system 
is employed is enormous — ^many acres for a large city. 

The water-closet system offers little surface exposed to 
view. 

There is' very little accumulation. 

The midden system allows ffree exposure to the air ; 
ventilation is effected naturally, and there is no machinery 
for concentration ; whereas, when not much rain is allowed, 
the want of water prevents decomposition. 

The water system facilitates decomposition. Water 
does this to an enormous extent; and although tlfe 
amount of manure present in the town is by Ihis plan 
comparatively small, the decomposition being faster, we 
have not proportionate freedom from the gases. 

We are not sure, however, that the gases and other 
products of dccomjiosition are the same from both. The 
channels in the water system prevent great admixture 
of air with these gases, which for that reason they attack 
us in a more concentrated form than those from the 
middens when they do reach us. 

But the chief objection is, that the channels point so 
much into the houses, and the houses are so built that 
the whole surface of floors and walls may be per- 
meated, and the bad air may blow out of any hole made 
in the plaster of the wall or in the floor, unless the 
house is properly built. 

As I said in ‘ Disinfection and Disinfectants,’ ‘ water 
is the most powerful agent of infection known to us, as 
well as of disinfection. Substances which preserve for 
ever when dry become putrid at once when moist. All 
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organic bodies decompose most rapidly in water, and if 
sent out of our towns laden with riches, water dissipates 
them all, and sends tljem into the air.’ This must be taken 
with limitations. It does not send all into the*air, but it 
helps to disperse all rapidly. 

I have come long ago to the' conclusion that the 
water-closet is one of the greatest of luxuries invented in 
modem times ; but also think that ‘ the midden is better 
than the bad sewer.’ Also tliat all mankind cannot have 
the water-closet. It may be found quite unsuitable 
from excess of cold or excess of dryness, and it may be 
too wasteful and costly in yery wet climates, and on soil 
not suitable for irrigation. The question is, therefore, 
not a simple one for a yes or but an extremely com- 
plicated one, where many conditions must be balanced. 

This experiment, howbver, is desirable — the examina- 
ti®n of the air outside of the houses of a sewered town 
and a midden town. I feel almosb confident of the 
answer — indeed, the analyses in this volume may be said 
to give it, because the backs and fronts of the houses of 
a midden town give different air, the backs giving worst ; 
whereas the backs and fronts in a water-system town 
cannot be different one would suppose. Glasgow and 
London not being similarly built are not suited for com- 
parison. 

The next point is the examination of the air inside 
the houses of these two classes of towns. I think it 
probable that, as matters are now conducted, the water 
system will be the worst in all houses not large enough 
to have sufficient separation. This is found in the 
smaller houses of Glasgow, to my mind at least very 
distinctly; also in houses where the best mode of 
placing the sewers, &c., is not employed. We come to 
this, that the danger is outside the house on the midden 
system, and inside on the water system, "when the danger 
does exist. By good building and ventilation the gases 
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will be thrown outside in both cases, and the sewer will 
then, in suitable climates, have the best of it. But we 
must remember a system is not a cure ; we must have 
details coirect. 

On the other hand, in small courts the air of the outside 
necessarily enters the'houses, taking much of the midden 
air, and the danger is found both inside and outside. 
There is certainly much to say in favour of ventilation 
of sewers, even without leading the gases through fire, 
from the fact that everything we think of in connection 
with these matters leads us to admire a free passage of 
air, the absence of close places, and the absence of all 
methods of concentration, gathering or keeping in a place 
any foul, air when found. This has a very wide bearing. 
One point must not be forgotten in carrying out this 
principle, that all accumulation in towns ought to be free 
from water as much as possible. 

Another is, that no yjanacca is found for the evils of 
decomposition any more than for the diseases of humanity. 
In other words, no one plan will do everywhere. 

A rather wild clamour has taken place about sewers, 
since writing this, and bad as their gases are, the danger 
arising from them has been much exaggerated. Let us 
look at most of our manufacturing towns. They use the 
midden system. The want of the water system has been 
said to be the cause of their unhealthiness ; now, some 
have laid thei evil on the sewers. We know enough to 
show that neither system by itself will make our bills of 
mortality satisfactory. 

On the mechanism of ventilation of houses there is 
much to learn, and he will make a great mistake who 
takes that also for a simple problem ; merely the supply 
of so much air without* regard to speed, warmth, and 
shape of apartment, and one may say situation of house, 
will not bring the desired end. I wish I could give the 
speed of air tolerable without injury at various tern- 
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peratiires ; but I cannot, and it will take long to make 
the experiments, as they must be made on many persons. 
Perhaps the records^ of the ventilation of the House of 
Commons would furnish this best. 

Speculation, 

I have almost entirely avoided speculation, and dealt 
with very dry facts, unillumined by any act of the im- 
agination, or at least* nearly so. We have had enough 
of foiicy in sanitaiy matters for many years, yet a specu- 
lation is of the utmost a(^vautage to an inquirer ; it is 
an appearance of a something in the mist liefore us, and 
wo go to jirove it. Were all the mist devoid of appear- 
ances, and we could see no symptom of a footing, we 
could only grope, and all our discoveries would be mere 
a^cidonts. It is not well to give all our imaginings to 
the world, but I am disposed to repeat one with more 
emphasis than before, so as, if possible, to moderate the 
fear that some persons have conceived of the bodies found 
in the air, and called organic germs. 

We have many people so afraid of this organic matter 
of the air, and of all its floating particles, that they would 
like to filter it all out and breathe the gases pure. We 
must not allow our fear to go too far.* We have no 
reason to be sure that air free from floating particles 
would be wholesome ; we have only the^ proof that, if 
there is an excess of some kind, it is unwholesome. 
Apparently everyone can breathe air tainted with any 
disease without being hurt, if the taint is small enough. 
Inconceivably small particles injure ; but we must learn 
to divide even the inconceivably small. We can bear 
a larger amount of taint if it is diluted enough. Dilute 
sufficiently the air of a hospital, and infection ceases. 
One short time of the infected air produces disease ; a 
long period of the diluted air produces none, although 
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the number of particles that must pass over a certain 
spot must be much greater in the long time than when 
the stronger mixture passes in the short time. We 
learn froih this that the amount that does injury is not 
infinitesimal ; there must be a certain quantity. I do 
not doubt that we shall measure that quantity readily ; 
we can readily measure the amount of ammonia and 
organic matter in the infectious and non-infections at- 
mospheres. The really practical work must begin after 
this. It was my desire to have done so in one of the hos- 
pitals, but "having begun I was interrupted, and it must 
not be done in a hurry. I doi not feel hopeless of being 
able to say that in a scarlet-fever atmosphere there must 
only be so much nitrogenous organic matter and so 
many germs, otherwise infection will be certain. Still 
the best work will be the microscopic, when we gain the 
power of distinguishing one germ indicating one disease 
from another germ indicating another disease', either at 
once or in some stage of their development. 

But not to lose the thread of the argument, let us say 
again, a certain quantity is necessary for infection. We 
must not be frightened at living in places where the 
innocent quantity may possibly be. We cannot find a 
place where \ve are free of all. If we only allow our 
own breath to accumulate we have evils enough, and if 
others are near us we have still more ; we can escape 
from our own. atmosphere and that of our friends only by 
diluting, unless we live entirely out of doors, on the tops 
of hills, or on the decks of ships, where the dilution of 
the organic matter may be so far carried out as to be 
practically equal to its annihilation, or where so much air 
and time have been given, that the infectious particles 
really are destroyed. 

If it is a speculation that geims of animal or vegetable 
matter bring disease in the air, we must bring a counter 
speculation that germs also bring life and vigoiu*. It has 
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been said that putrefaction is begun by certain organisms, 
although the result is a chemical breaking up of the sub- 
stance putrefying, and so of fermentation. If carbonic 
acid is not formed in sugar and albumen duririg the acts 
of fermentation and putrefaction without tlie aid of niicro- 
scopic organisms, how is it that it is formed in the living 
being without the aid of such organisms ? Or do the or- 
ganisms not increase its formation to say the least. We 
begin to be cold at the same time that putrefaction al- 
most ceases; we begin to feel very warm when it begins 
to move most rapidly ; and we are unable to endure the 
higher heats which diminis^ji its activity. Men have long 
supposed that the decomposition of albuminous and 
saccharine bodies had an analogy with the operations of 
life. 

We must next ask whether the operations of life could 
gcik on without these organisms. It is probable that we 
could never completely try the experiaient. Even if we 
obtained the purest air we could not absolutely, so far as 
we know, ensure the entire absence of the minuter orga- 
nisms from ourselves. We can reason, therefore, only from 
imperfect cases. We may then ask the next question : 
Does life go on more rapidly where there are few or 
where there are many of the atmospheric organisms ? It 
seems clear that life, at least of a kind,* goes on more 
rapidly where they are most numerous. If we take the 
length of life, it is to be feared that the answer is clear 
enough; life comes sooner to an end. T?ie end, how- 
ever, may be caused either by diminished or increased 
action of the vital functions. I have shown that carbonic 
acid increases the rapidity of action of the lungs, and 
diminishes that of the pulse. This shows diminished vital 
power and increased desire for power; and it may be 
sufficient to explain the peculiar condition of the classes 
who live in crowded places. But if we take the effect of 
the organic matter also, and consider its action, it is 
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extremely probable that irritability, feverishness, and 
incapacity for steady, calm work may be the physical 
consequence, whether we consider this matter as acting 
in a purely chemical way, or as organisms, or in a double 
manner. An irritability may be caused by the blood 
having a bad influence on the brain, which will become 
supplied with a liquid which has already a tendency to 
act too strongly to enable it to give up the requisite 
demands to the brain. Of course this is put in very 
general terms. This may be a physical cause of drunken- 
ness and many vices of unregulated minds. 

We may speculate a little further. ‘ As iron sharpenetli 
iron, so doth the countenance of a man his friend.’ Cities 
are always more active minded than rural districts. May 
there not be something physical in the excitement, the 
air around us being filled with particles exciting activity 
in our blood, which activity may be wholesome up to a 
certain point, but beyond it being less and less under 
the control of reason. 

The other side may also be seen. When men ac- 
customed to towns take a sea voyage, it is generally said 
that the activity of the mind is diminished ; they become 
calm, and are capable of spending whole days in idleness. 
Of course we might speculate a good deal further, and 
imagine that ive could tell the variations in the germs, 
and so on ; but it is not well to go very far at a time in 
these directions, and I think it better to remain at the 
general belief in the probable more or less excitement or 
tendency to chemical decomposition in the living blood 
caused by those same substances that cause decomposition 
in a putre^ng substance. If this is correct, there must 
be a quantity which will do good, and another which 
will do evil. 

Speaking 6f this subject, a firiend told me a year or 
two ago that he had been speculating also on these bodies, 
and had imagined theto influencing very strongly and 
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strangely the germination of all animals, including the 
human being.^ This is an interesting subject. One is ’in- 
clined at first to think it not correct, since the mixture by 
wind might cause the influences over all places to be alike. 
This, he says, would not hinder his theory being correct ; 
but I should like him to speak in his own words of the 
reasons on which his opinion on this and the action of the 
uvula are based. Another speculation — the first writer 
of which I do not remember the name of — was given out at 
the British Association ^ ; it was to the eflect that the same 
germs are found through all space, and so organisms may 
come from other worlds. This is a fine link for all nature, 
but it does not put farther from us except in miles the 
origin of living beings, and is therefore not of tha highest 
importance. There is no a priori objection to the opinion, 
if we could only imagine organisms standing out against 
cokl for that wonderfully long time which would be 
needed for them to pass through th(f great regions of 
space. This suggests subjects for experiment on tbo 
action of cold, an old inquiry well worth resuming. 

We have not found such oiganisms in meteorites, so far 
as I know ; but there are some of these bodies which con- 
tain organic matter. There is even a supposed one which 
contains the forms of organised matter ; it is a,piece of wood 
charcoal. However difficult to account for the amount 
of oxide of iron it contains, I think it more probable that 
it was produced on the earth. I analysed it about the 
year 1849. Others containing hydrocarbons have been 
found. I do not know if the microscope has been suffi- 
ciently applied to them. 

There seems nothing absurd in supposing important 
aids to the growth of animals to come from the air, as 
.well as from the earth ; and if we can prove a community 
of property in air and its contents to exist among other 
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■worlds and ours, as well as among other continents and 
Europe, we go to the beginning of some very important 
inquiries. 

With us, however, it is of immediate consequence that 
we should keep to the facts that immediately affect us. 
We have not yet any reason to believe that the health of 
the world has been affected by meteoric matter from 
space, although this idea is by no means new, being 
before our time. We do, however, know that health 
is affected by matter projected into the air by influences 
at work 'around us, and these influences must be fully 
studied as sanitary agents. . This leads us to think for a 
few minutes on crowding in large towns. 

Crowding. 

No one can read over the analyses of the air and rain 
of the towns and country places without coming to a very 
old conclusion, namely, that to crowd a population is one 
of the very worst faults. It was asked, when I was speak- 
ing to the Medical Oflicers of Health of London on this 
subject, what was the standard I lield out for air in a 
town. This may be answered so : A place in which 
people are hpalthy may be said to have good air — ^let us 
take it as such*. The analyses show that in Glasgow, for 
example, there is inferior air ; and that which approaches 
nearest to Yalencia for rain and corresponding air ap- 
proaches nearest or surpasses the best hitherto found, 
so far as chemical analysis goes. We must not set up 
any too high standard; it is best to begin by destroying 
the worst. Let those courts, alleys, and streets which 
show the greatest mortality and the worst air be 
destroyed or improved without foolish mercy. There 
is a want of willingness to pull down dangerous property, 
but a readiness to rush forward to save the life of the 
greatest criminals. Eeason is out of the question in the 
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matter ; we are misled by an uneducated feeling. We 
like to save property, forgetting that deadly weapons and 
poisons are subject, to peculiar laws, and their indis- 
criminate use is forbidden to the nation. Hdhses that 
produce death are not property: as well might a man 
claim his debts as such. If a man sells unwholesome 
meat, the law interferes ; if he sells the use of a room 
with fever in it, the nation seems not to complain. 
Officers of health poii^t out such places, but the public 
still refuse to destroy them, and great numbers are 
slain annually by legal methods, whilst strict measures 
are taken to prevent a f»w annually being killed by 
arsenic — a death more agreeable than the lingering 
misery in the lower parts of our crowded towns. ^ I know 
that the lowest classes living in poisoned houses die from 
other causes than bad air ; but I am speaking of air at 
present, and that is one of the causes. The time must 
come — and the sooner the better — when it shall be enacted 
that no land shall contain more people per acre than we 
know, by experience in several places, can live healthily 
thereon. The same thing must be said regarding houses, 
although these are more difficult for Governments to deal 
with, because of the degradation of some of the popula- 
tion. Still the limitation must be attained, and for that 
we must strive. As to the number on an acre, that may 
be settled at once, and enacted at once ; indeed, we may 
say so also of houses, provisionally. 

The tables of analysis given show the condition of air 
and rain in places influenced by manufactories ; and it is 
important to take for them a starting-point also. If we 
cannot cure all the evils, we can at least cure some ; and if 
a place has already attained a certain degree of impurity 
as tried by these tests, it seems quite fair to interdict 
further extension of manufactories in it, unless, of course, 
these are carried on in an improved manner. By con- 
stantly urging the best and attacking the worst, we may 
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attain great results. At present there are no towns 
carrying out the sanitary principles which we do under- 
stand. Faith in the principles of .sanitary economy is 
wanted, ^id I confess I am not surprised at this in the 
minds of many of the public who cannot give much time 
to the study. The question is not simple, and the rules 
forjudging of the condition of a place have not been 
clear. I hope this will soon cease to be the case. 


EFFECT OF ACID GASES ON VEGETATION. 

This action of acid gases on vegetation causes more 
complaints against chemical works and other factories 
than any" other purely external circumstance connected with 
them. Although we know too little on the subject, I hope 
that one of the advantages of the Keports under the Alkali 
Act, or in this vplume, will be to enable us to know 
when the air is so much acidified, as to make vegetation 
hopeless. We require only to examine the rain or air of 
a place and compare it with those of places which have 
and which have not been injured. We must, however, 
compare places as much as possible in a similar climate, 
the driest allowing more acid without injury. We do 
still better, if we can obtain experiments made in the 
place itself which is the object of complaint, injury, or 
study. 

‘Having examined many plants in order to see if it 
were possible chemically to show that acid gas has been 
the cause of injury to them, I have come to the con- 
clusion that it is in our power in many cases. The 
Belgian Commission came to a similar conclusion. I do 
not, however, feel able to speak so decidedly as the 
members of that body in all cases. If, for example, the 
leaves are broken, fi'om whatever cause, the juice of the 

* Proceedings under the Alhsli Act, 4th Report, for 1867. 
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plant giving out hydrochloric and sulphuric acids, as 
chlorides and sulphates, presents a great difliculty. Care 
must be taken on. this point. Many plants contain 
chlorides even on the surface of the leaf, at a ‘great dis- 
tance from alkali works, and comparisons must be made 
with caution before drawing conclusions. 

The larger spots made in gross cases can often be pro- 
nounced at once to be caused by acids. 

Tlicre is, however,^ a deterioration which cannot be 
chemically traced to acid gases, and which the Belgian 
Commission decidedly pronounces to be the result of 
other causes, being accompanied with minute fungi. 
Before going so far in this other direction as these gentle- 
men, it seems better to wait until we can answer these 
questions : Is it not possible to cause, by means of gases, 
a deterioration in the atmosphere suflicient to effect an 
early decay of plants without injuring the life of fungi ? 
And is it not possible that the weakness of the plant may 
rather subject it to the attacks of fungi? (see p. 557) 

The Belgian Beport mentions 2,000 metres, as the 
greatest distance from chemical works at which damage 
was observed. This must depend on the size of the works, 
and the number which are together. In this country, 
2,000 metres, or 2,187 yards, is a distance sometimes 
found quite insufficient for protection. 

It is mentioned that during rain the damage does not 
extend so far, although it is more severe, because the rain 
washes the gas down to the ground near to the place of 
exit. It may be also mentioned that in moist weather, 
with a low barometer or light and wet air, the rise of 
gas cannot be so high as with a high barometer ; when 
the dew point is low the gas is more readily condensed. 
This happens in the damp atmosphere during the day, 
but it is more observable during the night, leading many 
persons to suppose that the gas is given out at night, 
even in cases where no such plan is ever attempted. . 
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It is on these wet .days that the roots are injured. 
The Belgian Commissioners say little of roots, still it is 
clear that both in Belgium, France, ' and Germany roots 
are destroyed and the ground laid bare, whilst actions 
for damages are not wanting. 

The remarks made in the Belgian Eeport regarding 
the protection given to crops by the undulations of the 
soil will be remarked with interest. Many have ob- 
served that a hedge, or a tree, or .a wall, have remark- 
able influence ; the side from which the wind blows may 
have the vegetation below it burnt up, whilst the hedge 
itself will be greatly injured, whereas on the other side 
both the hedge and the crops below it may be safe. 
Gaps allow the wind to pass through unaltered, and to 
do injury. Indeed, I have observed a slight wall, and 
also a board not many inches higher than the plant pro- 
tected, to be in some bad cases quite efficient. How 
is it possible? haS been asked. Does the gas go in 
straight lines unraixed? We know that dry gas does 
not do so in dry air ; it mixes with the air, and is every 
moment more widely spread. Then why does it not mix 
with the air behind the protection? The best reason 
assigned is, that in the case of the acids which are 
generally found guilty of doing injury, there is no gas 
mixing uniformly with the air. The gas is absorbed in 
small globules of water, and these are thrown forward by 
tlie currents of the wind, and are driven over any wall or 
interruption to a distance in a curve from the top. If 
this is a true explanation, it is an extremely interesting 
one ; the peculiar efiect is not confined to visible vapour 
so far as I can ascertain. Shall we proceed farther, and 
argue from it that the vapour of the air does consist of 
small particles^ of liquid ? Shall we not rather argue that 
the acid present attracts water, and the completely 
gaseous form is therefore not retained in a moist climate? 

It might be asked whether the cause is not the same 
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in character as the protection of snow from being melted 
by a warm wind when that wind blows behind a wall, 
and can roll over it on to the snow beneath ? (Sec Action 
of Surface.) Here tlie rapid changing of surface in the 
case of direct blowing is productive of much more rapid 
action. To vary the words, Is it analogous to the case 
of cooling, freezing or hardening of the same snow when 
a cold wind blows directly upon it whilst the snow on the 
other side is protected and remains soft ? There, again, 
the influence of rapid change of surface comes fonvard. 
In the case of the acid there is also a rapid change of 
air. Nevertheless the fac* of the dry atmosphere re- 
moving the evil seems to decide that rapidity of flow 
and frequent change of the air is not the cause,, but that 
the real cause is in the many and minute globules of water 
which are formed with* or without the aid of the acids 
arfd which become saturated with the gases in the air ; 
these retaining some of the solids, sfre tossed as solids 
are tossed or driven by violent winds in direct lines 
according as they are in the full currents or in side 
currents, or are caught by eddies and whirlpools. 

In 1867, I requested Mr. Kothwell, of Croft, near 
Warrington, to give his opinion regarding the action of 
acids on jdants. He had been very oftea employed to 
estimate the amount of damage done at St. Helen’s, 
and I had, and have, much confidence ini his judgment. 
He sent the following : — 

Capacity of Plants to resist Acid Fumes. 

Written by Mr. Bothwell at my request. 

Violent winds ruffle and break off the leaves of trees and 
shrubs and damage herbaceous plants, such as corn, &c., by 
breaking the stem, and thus stopping the flo\w of sap, and in 
the blooming season of any plant or tree lessen or injure the 
crop for that year. But generally there is a clear distinction 
between damage done by a storm and that by a bad vapour. 



The latter tknvelt and curls up the leaves, does not break 
them off or make them ragged. A storm never discolours the 
bark of a shrub, tree, or makes it fast to the stem. Bad 
vapour doe* both. ^ 

'With a low barometer and a gentle air travelling at the rate 
of a mile in the hour, the vapour sweeps gently along near the 
surface of the earth, and does great damage to plants. A storm 
and bad vapour together do great damage in summer. 

As respects fruit trees, I am also at a loss to say which are 
soonest affected ; but my idea is that cherries, greengages, and 
other finer sort of plums, are sooner injured in the fruiting ^ 
but not in the foliage. I think damsons are soonest affected 
in this. Fruit trees, I think, should be in Class No. 1. 

I think I have told you that in all my thirty-three years’ 
practice of valuing damage by bad vapours, in the year 1867 
I have had the greatest difficulty in satisfying myself. Even 
now, when the valuations are sent in, I do not feel satisfied. 

I have known many years colder and wetter, but in the last 
thirty years I do not recollect seeing such rapid changes l>f 
temperature, which are injurious to plants as well as animals. 

I send a list of trees and plants soonest affected by noxious 
vapours, and in the order they are put in this list according 
to my views, but will not vouch for its correctness, as I have 
not paid much attention to the order in which they are 
affected ; — 


Forest Trees, 

«. 

1. Larch. 

2. Spruce, Fir. 

3. Scotch „ 

4. Black Italian Poplar. 

6. Lombardy „ 

6. Ash. 

7. Oak. 

8. Elm. 

9. Birch. 

10. Alder. 

11. Sycamore. 


Fruit Trees. 
*1. Damson. 

*2. Greengage. 

*3. Halewood Plum. 

4. Jacob „ 

5. Pears. 

6. Apples. 

*7. Cherries. 


* St. Helen’s was a good country for fruit — now all gone. 

* Not killed soon, but stopped bearing. 
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Shrubs, Evergreen, and Wild 
Plants, 

1. British Laurels. 

2. Portugal „ 

3. Aucuba Japonica. 

4. BarbeiTy Evergreen. 

5. Hazel. 

6. Guelder Rose. 

7. Sloe Thorn. 

8. Hawthorn. 

9. Raspberries. 

10. Gooseberries. • 

11. Blackberries. 

12. Gorse. 

13. Hollies. 

Nothing is affected sooner than *the common fern ; the larch fern espe- 
cially j nmrestail and giant fern also. 

I have not studied much as to the order plants are affected, 
I therefore will not say !• am correct, I have compared my 
opinion with the ideas of a person who is a farmer, and has 
lived many years in the neighbourhood of St. Helen’s. We do 
not differ much in our opinions on tins subject; in some 
others, in connection with bad vapours, we do. 

All the plants under one number in the list we consider to 
be affected at the same time. 

From noon of October 26th, 1867, to noon of the 28th the 
weather was very stormy, the wind varying from S.W. to W, 
and N.W. To the east of St. Helen’s and Widnes common 
turnips were very much damaged in the leaW; mangel much 
damaged, and swedes a little. Thorn fences and fern much 
damaged. The bulbs of the turnips, &c., would not be much, 
if any, less in weight, as the season was too far advanced. I 
therefore put no damage on those crops. Young clovers in 
the stubbles were much damaged, but I only put a money value 
on this in one instance, when the young clover was mucli 
advanced in growth. In all other cases I considered there 
would be no injury of any importance. 

The manufacturers considered the damage was by the salt 
water from the sea. As it was possible this might be the case, 
I made up my mind to prove it. I therefore proceeded by 
rail to Eufford, and then walked across the country, passing 
between Prescot and St. Helen’s to Crouton, and then from 


Farm Crops, 

1. Potatoes. 

2. Mangel. ^ 

3. White Clover and Rhubarb. 

4. Red Clover. 

5. Trefoil. 

6. Rye Grass. 

7. Wheat. 

8. Oats. 

0. Barley. 

10. Common Turnips. 

11. Swedes. 
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iheie by Widnes to Warrington. At Eufford there is a clear 
from the sea, without any town or works intervening. 
Here there was not the least damage to be seen, and this was 
the case tiV. I got in the line of Liverpool and Prescot ; then 
damage was distinguishable to fences and root crops (there was 
no corn out), but nothing like to the extent as to the east of 
St. Helen’s and Widnes. All right about Crouton. From 
Widnes to near Warrington very bad. This showed that the 
smoke of Liverpool and Prescot had a bad effect, but not 
equal to that of St. Helen’s and Widnes. 

The sea in that storm did no harm so far inland. 


Second List of Plants affected by Noxious VapourSy mixing the 
Classes according to the Ejfeets produced on each. 


L 

Pern, only in the summer. 

Scotch firs, spruce, and larches, a little in winter. 

Clover, white and red, receives damage’ in winter to the roots. 
Trefoil „ 

Rye grass „ 

Poplars. 

Hawthorns. 

Potatoes. 


V 

V 


9) 

ft 


91 

It 


II. 

Wheat receives some damage in winter. 

Oats, in May ; when in the grass state soon receives damage. 
Barley. 

Mangels. 

Common turnips. 

Rhubarb. 

III. 


Laurels, 

British and Portugal 

Aucubas 


99 

Yews 

It 

99 

Holly 

99 

99 

Gorse 

9t 

t9 


These plants receive damage 
in winter, but more in 
summer. 


Old grass meadow and pasture receives much damage in the winter. 


IV. 

Ashes, oaks, hazels. 

Horse chestnuts. 

Walnuts. 

Spanish chestnuts. 

Sloe thorn. 
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Second List of Plants affected hy Noxious Vapours — continued. 

V. 

Swedish turnip and cabbages. 

Damson. 

Other fruit trees. 

Beech. 

Elm. 

Birch. 

Alder. 

Sycamores. 

Trees exposed to noxious vapours get bark-bound, and then 
cannot thrive, and thus they take damage in the winter. The 
sap cannot flow when spring seomes. 

Grass-land takes as much damage in winter, I think, as in 
summer, as it is more exposed in winter, and the bad vapour 
floats more on the surface of the land. On fields much ex- 
posed to the vapours handfuls of dead grass can Ite pulled up 
in the spring, smelling strongly of the vapour. 

W. E. 


This last observation, made by Mr. Rothwell, has not 
been verified by my experience. It may also be said, as 
I believe, that a storm may curl up the leaves of trees 
and render them brown without causing them to bo 
ragged. A remarkable result is observed in wheat ex- 
posed to acid gases. The crop mayjbd to appearance 
full and ripe when scarcely a trace of grain is to be found. 
This dies at an early stage and withers up, whilst the rest 
of the plant takes its apparently usual coUrse. 

Mosses may be seen to grow in the acid-rain of towns 
when trees, shrubs, and grasses disappear. 

By a few experiments, not yet published, I find that 
one of acid in 50,000 of water destroyed all appearance 
of chlorophyll in some water plants in less than a fort- 
night. Sulphuric acid acted much more rapidly than 
muriatic. This was quite against expectation and general 
belief. Another experiment showed that sulphurous acid 
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had very much less effect than either the sulphuric or 
mvu;iatlc. This was also quite unexpected. Why is 
muriatic acid most feared ? The yeason seems to be 
that it is» driven off from the common salt with great 
violence and in great quantities at a time, so that it is 
more overwhelming in its attacks than sulphuric acid, 
whilst on the other hand it unites with water and does 
not disperse so readily as sulphurous. 


The Appendix is a natural sequence to this part of the 
volume. It will, to some extent, show the character of 
work done relating to this subject under the Govern- 
ments of two foreign States, and may be useful as well 
as interesting. 

a 
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FROM FRENCH AND BELGIAN SOURCES. 

Herb it will be interesting to see portions of the Belgian re- 
port, entitled : * Fabriqxies d(f Prodiiits chiiniques. Kapport a 
M. le Ministre de I’lnterieur, par la Commission d’Enquete, 
instituee par arretes royaux des 30 aout 1854, 25 mai et 
6 septembre 1855. Deiixi^me partie.’ ‘ Recherchcs et Obser- 
vations relatives a Tlnfluence des Emanations acides des 
F^briques des Produits chimiques snr la Vegetation.’ 

The commission consisted of Comte L. de Baillet, president; 
G. E. Guillery, vice-president ; J. T. P. Chandelon, secretaire ; 
C. Davreux, J. B. Depaire, M. Dugniolle, M. Everaerts, E. 
Gauthy. M. Chandelon is professor of chemistry at the 
university of Lidge and inspector of works for the government. 

II. — Influence of the Hygrometric and Barometric ConcUtionSj 
and the Temperature of the Air, 

We have shown that it is not sufficient* that the currents 
should pass over the plants, but it is necessary that they should 
pass at the same level, and so touch them. It may be seen, 
then, that all the circumstances which occur directly or 
indirectly to maintain at a high level or to press towards the 
ground the columns of smoke which escape from the chimneys, 
and in which the acid gases are expanded, contribute to prevent 
or to favour the production of the damage which these last 
exercise upon divers plants. Now the hygrometric condition, 
the barometric condition, and the temperature of the air, are 
evidently in the number of those circumstanedSa which either 
directly or indirectly modify the nature of the winds and the 
atmospheric currents. 



appendix. 


nS60 



toii 


Mhm the moist fogs wet the surfaces of plants, 
,1110X10 ^ib to coiidoQso tli6 hydrochloric Ecid 
Ibo The noxious 

w ttaai naioiiied on those plants which are sensible 


On the other hand^ by the passage of the currents of acid 
gases, a certain number of little aqueous drops charged with 
hydrochloric acid, fall from the fogs upon the leaves and other 
organs of the plants; this last effect may take place even 
when there is no fog, for besides the acid gases and the several 
products of the combustion of coal, there is a very great pro- 
portion of watery vapour in the smoke which escapes from the 
chimneys chemical works. It is easy to understand, then, 
that there must sometimes fall ft om this smoke drops of water 
containing a slight quantity of hydrochloric acid, and some- 
times also a little soot. It is in this way that we have ex- 
plained the origin of certain spots which are manifestly 
produced by drops of water charged with acid, and of which 
we have proved the existence on the leaves of plants near, to 
works. 


III . — Influence of Rain. 

The rain also has its part to play in influencing the pro- 
duction of the phenomena of deterioration which are manifested 
in the action of acid emanations ; it brings the hydrochloric 
acid gas into the region where the smoke currents cross it, 
and the result evidently is that a certain number of drops of 
water charged with a little acid fall upon the soil or upon the 
plants. 

This is only within a certain radius around the works and 
confined to the direction followed by the currents of smoke, 
otherwise very little. It is in fact impossible that it should 
be otherwise, l)ecause the column formed by the smoke cannot 
pass along a zone of rain without giving up to it all the chlor- 
hydric acid which it contains. We believe, then, that during 
rain at a distance of a thousand mM-res, for example, from the 
works, and very probably much less distant, the column in 
question will ‘scarcely contain any chlorhydric acid. It is, 
therefore, a manifest error to suppose, as many persons do, 
that when it rains the drops of water can inclose a certain 
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proportion of chlorhydric acid, even at a great distance from 
the works. The rain, on the contrary, becomes in this case 
a most eflScacious process for the condensation of muriatic 
acid, which prevents ’it reaching any place distai^ from the 
works, even when it is in the line of the wind. 

We may affirm, therefore, that when rain falls more or less 
continuously for one or more days, places at a distance from 
chemical worlds are absolutely defended from the contact of 
chlorhydric acid, whether gaseous or dissolved in water. 

Many persons with whom we have found ourselves in com- 
munication during our o*bservations in the province of Namur, 
have shown themselv^es strongly imbued with a contrary idea. 
They believed that the rain waters constantly retained a certain 
quantity of this acid at eve!-y distance from the works. As 
experiments conduce to conclusions more sure than theoretical 
reasoning, we have made a great many practical jesearches 
relative to this question. In working with blue litmus paper 
we have never in any case’found the smallest trace of acidity 
in*the droplets of water collected on the surface of plants when 
we operated at a great distance from tb^ works, even in the 
direction of the wind. 

This result did not vary, whatever was the origin of the 
water upon the surfaces of the plants, for it was always 
perfectly neutral, whether it came from the rain or was pro- 
duced by dew, or by the condensation of moist fogs. 

On the contrary, at a sliort distance from the works, we 
have constantly found an acid rejxction in tliQ water collected 
on the plants which were in the direction of the gaseous 
currents, and were enveloped in the currents, whatever was the 
origin of this water. 

Frecpiently in the neighbourhood of workS we have been 
convinced that the water came from the dew or tlie humidity 
of tlie fogs, and became spread over the surface of the plants, 
and still it did not contain a trace of acid, even in the direc- 
tion of the wind. This is what takes place when the smoke 
is not driven towards the ground so as to form by contact with 
the earth horizontal currents, but passes horizontally at a 
great height, or rises obliquely into the atnlosphere. I’he 
experiments which we have recorded give us to understand 
that under certain circumstances the rain assists the noxious 

O 0 



562 


APPENDIX. 


action of acid gases in the neighbourhood of works. This is 
especially the case with chlorhydric acid, for in softening the 
plants it gives them the power of condensing, but not of 
retaining, ,this substance upon their surface. 

If this is so, we can understand, all things being equal in 
other respects, that the noxious influence whicli certain gases 
exercise on vegetation in the neighbourhood of chemical works 
ought to do greater damage during periods of rain than during 
a dry season. 

It is, therefore, necessary to consider, as an element of 
assistance in appreciating researches of tlie kind which occupy 
us, what are the rainy winds. As in all parts of the continent 
of Europe, north of the Alps and the Pyrenees, the same 
general causes appear to regulate the distribution of rain, we 
may cite the observations which M. de Buche has made at 
Berlin, how much rain is brought by every wind. 


IV . — Influence of Topographic Situation^ Distance^ and^ 
Configuration and Ifndulationa of the Soil, 

A circumstance to which we have always attended as being 
of great importance in tlie examination of the state of vegeta- 
tion in the neighbourhood of chemical works is the topographic 
situation of the places in which we have made our researches ; 
when, for example, we have made investigations in a wood we 
determined what were the parts which were exposed by their 
position to be 'directly touched by the currents of gas and 
vapour coming from the works, and at what distance they were 
situate in relation to it. 

Experience demonstrated that the greater part of the 
deterioration which we have observed in the neighbourhood 
of works, and which ought to be attributed to their influence, 
has been caused by the acid gases striking the plants directly 
in the form of currents. The damage produced in any other 
way is not of much importance. It is the topographic situa- 
tion and the distance of one point in relation to the centre 
from which the acid emanations are disengaged which causes 
them to be directly struck by them, or which places a protec- 
tion against them. 

A host of difierent cases may present themselves, but it is 
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always easy to know the best way of proceeding, as one of two 
things happens most frequently : either the columns of snioke 
which escape from the chimneys of the chemical works begin 
to fall at a short distance from their point of dep|irture, and 
form then horizontal currents at the surface, or they move at 
a great height in the atmosphere, and extend themselves often 
very far, being disseminated and dissipated by degrees. We 
have often remarked even a mixed case, that is to say, a 
division of the column of smoke into two portions, one of 
which was raised obliquely into the atmosphere, whilst the 
otlier, after being driven against the soil, formed a horizontal 
current a little oblique to tlie direction of the wind. 

When the smoke did not fall to the soil it was observed 
generally that it followed a dfrcction more or less horizontal, 
or rose obliquely into the air. It is very rarely seen to rise 
nearly vertical. , 

After determining the position of the point fixed on in 
relation to the chimney, *it is easy to see whether or not it 
wi41 be struck by the smoke, and wliat part is most exposed to 

tlio smoke But the snioke wliich escapes from 

the latter does not contain absolutely all tlie gas or noxious 
vapours which are sent into the atmosphere, in consecpienco of 
the operations at chemical works. There are others, for 
example, sulphurous acid and sulphuretted hydrogen, which 
rise from the heaps of soda waste. The emanations of this kind 
are driven forward in the direction of the wind, and finisli by 
disseminating and mixing with a great quantity of air. . . . 

(Several drawings showing tlie direction wliich tlie smoke 
takes, especially striking the higher grounds, are left out.) 

We might give many cases, but sufficient is said to show 
the great influence of the rising and falling of the soil. As 
to the relation of the distance from the centre, from which 
the gases escape, and the effects produced by them, it is clear 
that since the currents they form are rarified, they mix with 
the air and are dispersed in proportion as they recede from the 
point of departure. The consequence is that the noxious 
influence is only seen in a limited radius round the works. 

After wliat we have said relative to the circumstances which 
have attracted our attention in investigating the state of 
vegetation, we shall explain shortly the principal facts which 

0 o 2 
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prove most precisely that different kinds of plants suffer con- 
siderably in the neighbourhood of chemical works. 

^ I . — Woody Plants. 

Woody plants having no very defined duration, the damage 
which is done to them at a particular moment may still be 
perceived in the following year when the branches are grown. 
The result is that from year to year it increases in such a 
way that one can judge better of the consequences of the 
change. In other respects, woody vegetables, such as hedges, 
bushes, or isolated trees, more or less elevated, whatever be 
their position in the neighbourhood of a chemical work, have 
different aspects under differept conditions of exposure in 
relation to the centre from which the gas comes ; consequently 
the comparative examination of plants in different aspects 
furnishes -a collection of facts of the highest importance for the 
solution of the problem which occupies us here. 

Some examples will show this truth. 

Let us suppose trees, bushes, or hedges in a position where 
they are sometimes touched by the fumes which proceed from 
a chemical work, what will be the result if the acid gases 
contained in the currents have the power of hurting plants ? 
They will necessarily produce this effect wherever they come 
in contact witli them. The side, therefore, which is struck by 
the gases will be injured, and those sheltered from the attack 
will remain untouched. 

The evidence's clear and simple. What ought we then to 
conclude ? It is this : — 

1. For all trees, hedges, and bushes sufficiently dense in 
foliage the daipage which is due to the direct action of the 
currents of acid gases ought not to be seen except on the 
surfaces turned towards the works from which the gases 
escape, and by no means on the other surfaces. The first in 
reality form a kind of screen, which protects the latter against 
the attack of the flowing gases. 

2. On the other hand, for trees, hedges, and bushes which 
are not close in foliage, either by nature or in consequence of 
some loss of a great many of their branches, the damage ought 
to show itself as far as the side opposite to the works. 

3. In a hedge very thick and tufted eveiy opening or loss 
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of continuity, on the side towards the works, will permit 
currents of gas to pass through and give rise to damage even 
on the side opposite tp the works. 

4. In a wood which is composed of coppice and l«w skirting 
plants exposed to the direct action of fumes which are loaded 
with acids, the damage produced is not observed except in a 
straight line, the breadth of which is in proportion to the 
facility with which the current of smoke can penetrate it, 
whilst the size increases according as the coppice wood is 
opened up by the increased damage produced. 

In the latter case in reality the bushes situated at the 
border of the wood become incapable, by the loss ai the foliage 
and branches, of opposing a jgifficient barrier to the progress 
of the currents. 

5. Every break in the continuity of the brushwood exposed 
to the direct action of the currents, produces nc(?essarily a 
deterioration, which is observed at a greater distance from 
the border at first than it would be were the brushwood not 
broken. 

6. Every shelter, every obstacle, whatev^er it may be, whicli 

prevents the currents of vapour from striking certain woody 
plants, sensitive to the action of acid gases, must prevent 
these plants, placed as it were behind a screen, from suffering 
from the fumes. This kind of screen may in some places 
consist of a bank of land, of a wood, of plantations of poplars 
and other trees, a hedge, a line of houses, a wall, &c., forming 
as it were a curtain. , * 

An important consequence is to be deduced from those 
considerations. If it is in such a protection that the woody 
fibres of certain kinds ought to be sound an^ free from the 
damage which plants of the same nature present in positions 
where they are not preserved from the contact of acid currents, 
it follows, of course, that they will cease to be exempt from 
the damage when the protection is wanting. Now this is 
precisely what takes place according to numerous observations. 

Let us give in a general way some of these observations, 
chosen amongst those which have shown us wjiat conclusions 
we ought to draw. 

Sometimes we have seen woody plants of the same kind and 
of the same age, growing on the same soil, and sensibly at the 
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same distance from a chemical work, and under the same 
direction ot the wind, presenting on one hand very great 
deterioration on the side towards the c]^emical works, and, on 
the other hand, maiiifesting nope when they were found con- 
cealed behind a house interposed between them and the works. 
Sometimes it was a row of houses or other buildings, placed 
one beside the other in a manner more or less continuous, and 
behind which the woody plants presented no sign of deteriora- 
tion which could be attributed to acid gases ; but an opening, 
a breakage in the line of buildings, ev^n if not more than two 
metres in breadth, produced upon trees of certain kinds, placed 
directly in tiie way or a little to the side, more or less damage 
on their leaves or branches. c 

Often also we have remarked in gardens exposed to the 
fumes of chemical works that wall plants or other trees pro- 
tected by* a wall had their leaves or branches in very good 
condition as high as this wall, but above tliis heiglit the leaves 
appeared to be burnt, whilst the young buds died. The wall 
served as a screen to the trees ; their branches were deprived 
of shade as soon as they passed it. 

When woody plants, very sensitive to the action of acid 
gases, grow behind a hedge or a curtain of bushes, we have 
also remarked several circumstances of great value for showing 
the nature and the cause of the damage presented. For 
example, when a hedge or a bush whicli acted as a screen was 
liighcr tliaii the acid gases, and very thick and tufted, all the 
leaves and branches remained in a normal state ; but, on the 
contrary, when the heads or bushes were lower tlian the gases, 
the leaves and branches above were damaged, leaving those 
below in good «j)osition. When any interruption presented 
itself in the hedge or the curtain of bushes, the woody plants in 
question were damaged from base to summit when no other 
protection was afforded. 

After having indicated several of the principal particulars 
which have guided us in our researches into the damage done 
by acid gases we must show exactly how they are characterised. 
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Damage to the Leaves and Stipules. 

The damage to tha. leaves and stipules is shown principally 
by a change of colour making spots in different petitions and 
of different magnitude, according to circumstances. Some- 
times the parts which correspond to these spots on the leaves 
become torn or perforated; but it is remarkable that these 
organs, although very much spotted, do not often fall im- 
mediately, although we have remarked that defoliation takes 
place at an earlier period than that which is usual for the 
kind of tree, in tlie case of the hazel for example. We have 
proved by a multitude of observations that on all "the parts of 
woody plants exposed to th« currents of vapour in general 
from chemical works the principal stains were marginal. We 
have always observed a striking contrast between the state of 
the foliage of trees more or less high, of hedges and*of bushes, 
according to their position with regard to the acid fumes. In 
vipw of this a greater or less number of the leaves showed 
marks, more or less large and continuous, upon their borders, 
and very frequently shrivelled, jagged, and shrunk up. These 
marginal stains encircling the leaves more or less completely, 
and occupying more or less a part of the stem, were never 
found on the part opposite the works when the trees, hedges, 
or bushes were sufficiently close. 

It was different with trees, hedges, or bushes which were 
extremely open on account of the loss of their branches, or too 
young to have acquired numerous shoots, t 

Tlie facts to our eyes can receive only one interpretation, 
which is that the marginal stains of the leaves are produced 
by the action of the currents of acid gases <when they strike 
the organs directly. 

Besides the marginal stains which we have spoken of, we 
have often observed that there were others which existed on 
all the surfaces of the plant indiflFerently, and occupied a part, 
either on the surface, on the middle of the limb, or on the 
edges ; but in this latter case they were not more or less 
continuous, they did not encircle the leaf to* a great extent, 
and were not essentially elongated in form ; at least the spots 
of this second kind were of a rounded form, sometimes irregular 
and a little elongated. We have considered them generally 
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due to the action of droplets of water charged with a very 
little acid. As to the origin of this acid water it is easy to 
conceive it, as it may usually come either from the rain or from 
mists, or fnom the condensation of a little acid, on the side 
turned towards the works, caused by the drops of rain or dew 
when the leaves are struck by the currents of fumes. 

The manner in which this is done is evident, for it is clear 
that the water of the rain or fogs, which forms into drops after 
having condensed a little acid, may come in contact with all 
the surfaces of the trees, hedges, or bushes. 

In general we have proved that the marks of the second 
kind had sensibly the same colour as those of the first. In 
some cases, however, we have seep the contrary, as towards the 
central parts of the spot was seen a little deposit of blackish 
soot, which indicated that in falling the drop charged with 
acid had brought this soot with it, at the same time as the 
vapour of water, the acid gases an(J the other bodies which 
enter into the composition of the smoke. ^ 

As the vapour of water enters largely into the composition 
of the latter, we understand that even in a dry season drops of 
water charged with acid may fall upon the leaves of vegetables 
situate below the column of smoke, but in this case they arise 
from the condensation of a portion of the vapour of water which 
comes from the chimney along with the acid gases. We have, in 
reality, found on the leaves two kinds of spots or stains due to 
the action of the acid : the one marginal, encircling the leaf, 
or a considerable .part of it extending a certain distance 
towards the rib of tlie leaf, and sometimes, but rarely, touching 
it in such a way as entirely to surround the limb. These are 
produced when the acids strike the foliage either as currents 
acting immediately, or after being in part condensed by the 
moisture on the leaves, due to the rain, dew, or fogs. 

The others are of the same colour as the preceding, but are 
much less important, as they occupy much less of the surface 
of the leaf, and are generally much less numerous. They are 
sometimes marginal, but more frequently central, and are 
more or less roupded, although they may have an irregular or 
elongated form. Like the former, they sometimes cause the 
tearing of the leaf or perforation of the limb. 
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Whatever the number, colour, extent, or position of these 
different spots, we have never seen the least trace of cryptp- 
ganiic parasites, or any indication that any parasitic animal 
had been an agent in producing the effect. The/ arise from 
no organic malady or special defect in the organisation. We 
have found them on plants growing on the most diverse soil 
and exposed to all quarters ; to south and to north, to east 
and to west ; but only in the neighbourhood of chemical 
works, except in a few cases, which we could easily explain 
from the existence of influences prejudicial to the plants. We 
shall mention one of these observed by a member of the 
Commission on a farm in Brabant. Three large and vigorous 
vines appeared in perfect he^th, only there was observed on 
some of the leaves of each a reddening and shrivelling of the 
border. The damage to the leaves appeared to resemble that 
mentioned above as due to the acid gases; it was,* therefore, 
important to find the cai^e. It was then found that below 
each of the damaged leaves there was an opening from which 
the air from the stables and cattle sheds escaped, and from 
which, for want of cleanliness, a great *deal of ammoniacal 
vapour proceeded. It was, therefore, clear that the noxious 
vapours were carbonate of ammonia and sulphuretted hydrogen 
acting on some of the leaves of the vines : the stains were 
not found on any place except above the openings from which 
the ammoniacal fumes came. 

The proofs already given that the two classes of stains 
spoken of, as observed in the neighbourlioodtof* chemical works, 
are caused by acid vapours may be supplemented by the fol- 
lowing : — 

1st. That the stains of the first kind exist «nly at the parts 
exposed to the currents of gas, and that they disappear, even 
when near a chemical work, from the most sensitive ligneous 
plants, if a shade is interposed between them and the works. 

2nd. They are very unequally spread in different directions 
around the works, so that in some they are little, if at all, 
observable. For example, in places against which the west, 
south-south-west, south-east, and south-south-e|ist winds blow, 
we have observed the greatest damage. 

We can only interpret this by saying that plants suffer most 
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which receive the fumes most frequently. This is the case 
with those to which the smoke is driven hy the most dominant 
winds. 

c 

3rd. Th^ showed the same character close to the works 
where the operation of the gases was evident as at a distance 
where the influence was less clear. 

4th. Groing in any given direction, we found constantly 
that they diminished as the works were left, and gradually 
disappeared. 

5th. Having acted on several plants^ with hydrochloric acid, 
we have obtained at pleasure stains analogous to those which 
constituted the damage in question. This, for example, is the 
effect produced on the leaves o^the hazel, apple tree, cherry 
tree, gooseberry bush, &c., to which we have especially directed 
our attention. 

Altogether the examples we have given are sufficient to 
leave no doubt as to the cause of , the damage done to tlie 
leaves. We have undertaken certain chemical researclies jbo 
be afterwards detailed, whilst we give here some of the results. 
These researches have furnished new proof of the possibility 
and reality of the action of the acid gases on the leaves. 

They have shown us, 1st, That in certain directions round 
chemical works the water found on the surface of the leaves, 
under certain circumstances, contains a mineral acid coming 
from the works, viz., a little hydrochloric acid. 

2nd. That in operating on the leaves of the oak and the 
wych-elm in convenient situaticTns, those which are effected 
may sometimes be proved to have a little chlorhydric acid 
present, whilst nothing of the kind is found on sound leaves of 
the same species'collected far from chemical works. 

3rd. In submitting to chemical analysis the leaves upon 
which numerous and large spots have been produced artificially 
by chlorhydric acid, only a very small quantity of that acid is 
found seven days after its action. 

Let us enumerate the woody plants on the foliage of which 
we have established the existence of extensive damage, more 
or less frequently, of a kind altogether or in part the same 
as that we have above indicated. We give here the names 
of the greater part of the plants according to the degree of 
sensibility to the, noxious influences of the acid gases : — 
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1. Wycli-olm (Carpinus betulus). 

2. „ (Carpinus incisa). 

3. Hazel (Corylus avellana). 

4. Oak (Quercua robur). 

6. Beech (Fagus sylvatica). 

0. Birch (Betula alba). 

7. Sycamore (Acer pseudoplatan ua). 

8. ^laple (Acer campeatre). 

9. Willow (Salix cinerea). 

10. Hawthorn (Cratsogua oxyacantba). 

11. Spindle tree (Euonymus Europaeua). 

12. Elm (Ulmus campestrja). 

13. Lime tree (Tilia platyphyllos). 

14. Sloe (Prunua apinosa). 

16. Larch tree (Larix Europea). 

16. Bramble (Rubus fruticosus).* 

17. Ash (Fraxinua excelsior). 

18. White poplar (Populus alba). 

10. Italian poplar (Populus fastigiata). 

20. Aspen (Populus tremula). 

21. Tuya orientalis. • 

22. Vine (Vitis vinifera). 

^3. Plum trees of different varieties (Primus domestica). 

24. Apple „ „ (Malus communis). 

25. Pear „ „ (Pynis communis). 

26. Cheny „ „ (Cerasus vulgaris). 

27. Currant bushes of different kinds (Ribes rubrum, Ribes aureum^ 

Ribes sanguineum, &c.). 

28. Rose bushes (Rosa gallica^ &c.). 

29. Lilac (Syringa vulgaris). 

30. „ (I’hiladelphus coronarius). 

31. Raspberry bushes (Rubus idasus). 

82. Meadowsweet of different ktnds (Spiraea ulmaria; Spiraea Janceolata, 
Spirasa bella). 

33. Hops (Humulus lupulus). 

84. Alder (Alnus communis, Alnus incana). 

The colour of the marks on different plants varied from a 
livid white to a pale yellow, or from a brownish to a brown, 
yellowish brown, reddish, cinnamon, grey brown, or blackish 
grey. On the leaves, for example, of the oak, the stains were 
of yellowish white or pale brownish coloiir. Their colour 
approached brown on the leaves of the elm or yoke elm, the 
plum tree, and the apple tree, reddish for those of the nut, 
the vine, the rose, and the hazel nut, and blackish brown and 
blackish grey for pear trees, &c. 

There was always a very great difference between the woody 
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plants, according to the degree of sensibility of the leaves. 
Accordingly the yoke-elm and the wych-elm, of all plants 
which we have observed, are the most ^severely attacked, so 
that on e3!amining the effects produced by a chemical work 
they are the first species which show a change. Also, on 
removing to a distance from a chemical work, these plants 
are seen to be injured when all other kinds have entirely 
escaped. 

The alders, on the contrary, are of all plants those which 
best resist the action of acid gases, « as we have often seen 
common alders at a small distance from chemical works, 
in situations' very much exposed to acid gases, showing very 
few marks on their leaves, and siiflfering apparently very little 
from the neighbourhood of the works. 

Oaks, hazels, and birches are very sensitive to the noxious 
influence 6f these gases, and so are many varieties of apple, 
pear, and plum trees. We have proved by many observations 
that trees of these kinds are very different in the state of 
their vegetation, according to the varieties to which they 
belong. Apple trees,' for example, of the variety called court-- 
penduj were found more vulnerable than those of other 
varieties. 

Now we have sometimes remarked that there is a striking 
analogy between congener plants in the facility with which 
they are injured by acid gases. 

It is thus that different varieties of the poplar, such as the 
aspen, Populus trezaula^ the white poplar, Populus alba^ the 
Italian poplar Populus fustigiata^ &c., &c., resist generally 
tlie action of the acid gases, so far, that they show no damage, 
where many oth^r woody plants show it, and they must be 
very much exposed to acid emanations before they are sensibly 
affected. 

As to 'the circle within which woody plants are observed to 
suffer from chemical works it is impossible to fix it in an 
absolute manner. It depends, in fact, upon a variety of local 
and variable circumstances, and even if these circumstances 
were constant the radius would differ in some degree for every 
species of plant. 

The following will be convincing as to the truth of this : — 

1st. The noxious action of the gases from chemical works 
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ought to be observed at a greater distance, according to the 
magnitude of the works, all other things being equal, and 
according as the processes for condensing and retaining the 
acid gases are more dt less perfectly practised. ^ 

2nd. The action of the acid gases ought to be perceived at 
a distance which will be greater according as the configuration 
and undulations of the soil prevent the currents from moving 
and extending themselves freely in all directions. 

3rd. The radius of a noxious influence in a given direction, 
depends not only on the more or less frequency of the wind 
which blows in that direction, and the amount of rain which it 
brings, but also very often on the height of the soil in relation 
to the centre of escape of the gases. 

4th. Consequently the gas extends itself in propoition to the 
greater or less height of the chimneys. 

5th. In a given direction the state of the vegetj^tion shows 
that the radius of damage extends farther according as the 
plants which grow in tliat* circle are more or less susceptible of 
dflmage from these gases. 

6th. Some meteorological circumstances, not ascertained, 
but apt to change from year to year, may extend or shorten 
the radius in any direction. 

To sum up, we observe that numerous circumstances, for the 
most part variable, contribute to form the radius in which 
damage is done by the gases from chemical works. To fix 
this radius in an absolute and general manner is therefore 
impossible, but it is possible ^to determine in every given case 
to what distance in various directions around the chemical 
works the gases have caused damage to woody plants. 

In many cases we have seen pear, apple, and plum trees, of 
the variety called mirabelle, notably damaged at a distance of 
a kilometre to the south-east of a focus of acid gases, wliilst at 
the nortli-east the effects of the same kind are observed at a 
distance of 1,200 to 1,500 metres. 

Sometimes in the direction of the prevailing wind we have 
observed the yoke-elm and wych-elm {lee charmes and lea 
charmilles) damaged at a distance of about 2,000 metres, 
whilst, as to other plants, the radius of ncfxious influence 
was not so great, although the oak, the birch, the sycamore, 
the hazel, the maple, &c., were injured in a very decided 
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manner at a distance of 1,100 to 1,200 metres from the point 
of escape of the gases. 

In the direction of the less frequent winds the radius in 
question y^as always shorter than in that of the prevailing 
winds. 

It is important now to examine the results of the damage 
done to the foliage of trees. Let us see what they are physio- 
logically. 

None of the two classes of stains which we have pointed out 
as due to the mediate or intermediate influence of acid gases 
give rise, properly speaking, to an '^organic malady of tlie 
plants, and so far as the vitality is concerned, their results are 
the same in quality, and only differ in their degree of im- 
portance. The continuous marginal stains which are more or 
less large, and which we have seen as the products of the 
immediate, and direct action of the acid gases, extend them- 
selves generally farther than the stains due to the indirect 
action of the gases. The consequence is that they cause 
more important results, although the nature is in reality the 
same. 

The leaves being organs of fundamental importance every 
cause which tends to hurt them, to destroy them, or to cause 
a premature fall, injures greatly the nutrition of the plant. 
They draw out of the atmosphere certain principles, especially 
gases which are necessary to the life of plants ; they constitute 
the organs of respiration, and they represent, according to the 
ingenious comparison of an illustrious English botanist, the 
lungs of the plants. As by the function of respiration among 
animals, the blood acquires the necessary properties for nourish- 
ing the diverse organs, so the sap rising in the plants is 
elaborated in the leaves and becomes fitted for nourishing the 
whole. But this elaboration does not result merely from 
respiration, the sap rises and is deprived in the leaves of its 
excess of water by transpiration and exhalation. By this 
latter phenomenon the ascension of the sap is accelerated most 
efficaciously. The leaves then serve for excretion. These 
diverse functions of the leaves are of such importance that, 
along with the roots, they must be considered the principal 
organs of nutrition. By being covered with marks on a por- 
tion of their surface and sometimes on the whole, the leaves, 
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without immediately falling, cease to fulfil their functions in a 
perfect manner. 

In all that portion of the parenchyma under the stains, the 
chlorophylle is comjAetely destroyed, or at least ^very much 
damj ged, leaving no trace of vital activity. Every physio- 
logical function is found to be completely destroyed. On the 
other hand, the parts which have preserved their green colour 
continue their functions with more or less activity. Conse- 
quently, all the functions performed by the leaves are Subjected 
to a retardation which has the effect of depressing the vital 
energy and notably clogging the progress of the plants when 
they are attacked frequently. , 

The deterioration of the leaves of young sprouts may con- 
sequently result in their destruction. 

The Damage to the Buds and Branches . , 

Notwithstanding their ^protective covering, the buds and 
their rudiments are not saved from the influence exercised by 
th*e acid gases. 

In the spring time we have remarked •on various species a 
number of buds which were formed in 1854, so as to expand 
and contribute to the early spring of 1855, but which perished 
with the twigs which sustained them. 

During this autumn also we have found a number of young 
sprouts and their buds dead, whilst others dwindled away. In 
this case, at the end of the twigs the buds were completely 
dead ; lower down they were damaged only on the surface, whilst 
at the base they were still sound. Circumstances of the same 
kind were observed on the herbaceous envelope of the bark. 

In the examination of the damage to ^le buds, young 
sprouts and branches of every size, we have constantly attended, 
as in the case of the foliage, to their position and relation to 
the chemical works. 

In proportion as we have observed the varieties which were 
most sensitive to the action of acid gases or plants most 
exposed to be reached by them, we have seen the deterioration 
of the branches more or less distinctly. Sometimes the plants 
entirely perished. 

On inquiring into the causes of this damage we have also 
taken into consideration the nature of the soil, the subsoil, and 
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all the circumstances of a nature to guide us in a question of 
this kind. 

We shall not enter here into the long details, hut shall 
confine ou^elves to a summary of the Observations which we 
have made on plants in the neighbourhood of chemical works. 

It is sufficient for the moment to remark that in the case of 
trees completely dead, analogy ought to be taken into serious 
consideration. 

We Understand that if by the side of trees which have 
suffered damage in all their characteristics, such being due to 
the action of acid gases, we find others of the same kind which 
are quite d§ad, it is very probable that these have perished 
from the same cause ; it being understood that no particular 
circumstance, such as age, the state of the trees, &c., is opposed 
to such a conclusion. Observation may in each special case 
furnish sufficient indications on this point. 

Plants not woody* 

We have not observed on herbaceous plants damage 'so 
distinct and great as we have found on trees. 

We have observed that in some cases ferns, nettles, different 
kinds of natural grasses, spring barley, and a field of clover 
had greatly suffered from acid emanations, and showed damage 
which we have not observed except in the neighbourhood of 
chemical works. 

It is important to notice that the stains produced on the 
leaves by the acid gases did not ^coincide with the damage to 
the tissues, except locally and in a restricted manner, and had 
in no case produced organic disease. 

\N’’e have remarked on the leaves of the potato, bean, clover, 
lucerne, turnip, cabbage, beet-root, &c., in the neighbourhood 
of chemical works, certain whitish marks, slightly yellow, 
having all the characteristics of those which we have obtained 
artificially by the use of water containing a slight amount of 
chlorhydric acid. 

In general the number of these stains was small, and did 
not appear in any way to have affected the vigour of the 
plants. 

One point of the highest importance for the appreciation of 
these stains is this, that when they have been produced by the 
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action of an acid they never at any time develope cryptogamio 
parasites, epiphylls and hiogens (that is, those which are 
developed on the leaves of another plant during a state of vital 
activity). 

We have not come to this conclusion solely because of our 
observations in the neighbourhood of chemical works, but 
also because of the experiments we have made directly on 
many of the plants, on the leaves of which we have caused 
spots by means of hydrochloric and sulphuric acid* in very 
small quantities. 

When water slightly acidulated caused . the stains, the vital 
function of the part was completely destroyed, %nd we have 
never at any time observed vegetable biogenous parasites ; still 
more, we have very rarely sedh even necrogenous parasites so 
long as the leaves remained attached to the plant. 

Besides, the first fact would be admitted by theory, for it 
is clear that the little vegetable cryptogams produced on the 
leaves by vital action couM not find the conditions necessary 
fov their development physiologically when these leaves were 
killed by the action of either acid. ,• 

Whilst it is impossible to admit that the biogenous para- 
sites can exist on the spots produced by the action of gases, we 
have here important facts for the diagnosis of the stains, and 
the search for the causes which have produced them. As 
cryptogamic parasites play a great part in the production of 
stains on many vegetables we must always in our investigations 
have regard to this circumstance. , 

Monsieur Kickx, professor at the Unfversity of Ghent, 
member of the Academy of Sciences, and author of excellent 
works on the cryptogamic plants of Brabant and Flanders, has 
taken the trouble of precisely determining Aid classifying a 
long series of cryptogams, known as the cause of stains on 
the leaves of many plants. Many persons in the province of 
Namur have mistaken the marks caused by parasites solely, 
for the effect of acid gases. 

Conclusion, 

« 

1. Acid gases hurtful to a certain number of plants escape 
from a chemical work. 

2. The effect is very unequal on the various ligneous and 

P P 



578 


APPENDIX. 


herbaceous plants natural or cultivated ; some resist the acid 
gasQS to a considerable extent, whilst others are deteriorated by 
them in different degrees. 

3. Of tl^ese latter, some cease to brf affected at a small 
distance from the works, whilst others continue to feel the 
effects at a great distance. 

4. The radius of the noxious influence of these gases depends 
on many circumstances, but it may be determined practically 
by obserWng certain plants such as the wych-elm. 

5. Examined in this way the radius will be found to differ 
for every establishment, and for various directions from the 
establishment depending on the dominant winds. 

6. In the direction of the dominant winds the radius 
appears to be 2,000 metres at th*e most, and 600 metres as a 
minimum. 


ARRANGEMENT OF WORKS. 

The classes are mixed in the French list. Here they are separate ; this 
will account for apparent iiregularities. 
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Arrangement of Works in France^ 1867 . 
FIRST CliASS. 


o 

Names of Manufactures. 

Cause of Qbmplaint. 

Public slaughter-chouses .... 

Arsenic Acid (manufacture of), by 
means of Arsenious Acid and 
Nitric Acid. 

1. When the nitrous products are not ab- 

Th e smell and tainting ofwater. 

sorbed . . . . ^ . 

Acid) Hydrochloric (production of), by 
the decomposition of the Chloride 
of Magnesium, of Aluminium, &c. 

Injurious emanations. 

1. When the acid is not condensed* . 

Acidy Oxalic (manufacture of). 

1. By nitric acid. 

Injurious emanations. 

A. Without destruction of injurious gases 
Acidy Picric. 

Fumes. 

1. When the injurious gases afe not burnt 
• Acid, Stearic (manufacture of). 

Injurious vapours. 

1. By distillation 

SmeJl and danger of fire. 

Acid, Sulphuric (manufacture of). 

1. By the combustion of sulphur and py- 1 

• 

rites 

Injurious emanations. 

Pejining of gold and silver hy acids 

Do. 

Aldehyde (manufacture of) ... 

Maiches (manufacture of), with detonating 

Danger of fire. 

and explosive substances 

Danger of explosion and fire. 

Starch Works. « 

• 

1. By fermentation 

SmellS, injurious emanations, 
and ppllution of the waters. 

Explosive powders (manufacture of) . 

Danger of explosion. 

Potash, Arseniate of (manufacture of), 
by means of Saltpetre. 

• 

1. When the vapours are not absorbed 

Injurious emanations. 

Fireworks (manufacture of) . . . 

Tarpaulings (manufacture of). 

Danger from fire and explosion. 

1. By using oil 

Danger of fire. 

Mud and Impurities (d^p6t8 o^, and Sewers 
Old manufactures (working of fresh intes- 

Smell. 

tines for all purposes) . . , , 

Smell ; injurious emanations. 

Carbonising of animal matters in general . 
Pearl Ashes. 

Smell. 

1. With discharge of fumes outside . 

p p 2 

Smoke and smell. 
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Arrangment of Works in France^ 1867. 

First Ci.LSB—continv^, 

Naif^s of Manufactures. ^ Cause of Complaint. 

Flesh, debris, and (offal d^p6t8 of), arising 

from the slaughter of animals . . Smell. 

Fogs (infirmaries for) Smell and noise. 

Chrysalides (workshop for extracting the 
silk) ....... Smell. 

Coke (manufacture of). 

1. In the open air, or in kilns not smoke- 
consuming %..... Smoke and dust. 

Qlm (manufacture of) . . . ^ . Smell ; polluting of wator.^. 

Burning of marine plants in permanent 

establishments ..... Smell and smoke. 

Greaves (manufacture of) . . . * Smell and danger of fi.re. 

Patent leather (manufacture of) . . . Smell and do. 

Cyanide of Potassium and Prussian 
Blue (manufacture of). 

1. Bjr the direct calcining of animal matters 
with potash 

Fat or thick oil, for the use of chamois 
leather dressers and curriers (manufac- 
ture of) 

Cleaning of tissues and waste loool by oils of 
petroleum and other hydrocarbons . 

Fatty Waters (extraction of the oils 
contained in) for the manufacture 
of soap and other purposes. 

1. In open vessels 

Scalding^houses. 

1. For the industrial preparation of animal 
remains . . ' 

Pi inting ink (manufacture of) . 

Manures (manufacture of) by means of 
animal matters 

Manures (dd^ts op from Middens. — 

Animal ilemains. 

1, Not prepared or in imcovered stores 

Skinning of animals 

Ether (manufacture and ddp6ts of) . 

Q^iok matches (manufacture of) with ex- 
plosive materials 

Felts and patent shades (manufacture of) . 


Smell. 

Smell ; danger of fire. 

Danger of fire. 

Smell ; danger of fire. 

Smell. 

Smell ; danger of fire. 

Smell. 

Smell. 

Smell; injurious emanations. 
Danger from fire and explosion. 

Do. do. 

Smell; danger of fire. 
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Arrangment of Works in France^ 1867. 

First CuLSS^continited. 

Names of Manufactures. Cause of Qomplaint. 

Fulminating Mercury (manufacture of) . Danger of fire and explosion. 

Tars (special processes for the boiling of) 
from various sources .... Smell } danger from fire. 

Ta^ s and vegetable resins from various 
sources (elaboration of) . . . . Do. 

Fat in the naked flame (meking of) . . Do. 

Carriage grease ...... Smell ; danger from fire. 

Roasting of sulphurous minerals , . . Smoke; injutious emanations. 

Quano (depots of). ^ 

1. When the quantity exceeds 26,000 kilo- 
grams Smell. 

Oils of Petroleum^ of Schist, and of Tar 
and other hydrocarbons employed 
for lighting, heating, manufacture 
of colours and varnishes, the clean- 
» ing of cloths and other purposes. 

1. Manufacture, distillation, and work on a 
great scale Smell and danger of fire. 

a. Very inflammable substances, that is to 

say, emitting vapours liable to take fire 
(1) at a temperature of less than 36 de- 
grees Do, 

1. If the quantity stored is, even tempo- 
rarily, of 1,050 litres (2) or more . . Do, 

b. Less inflammable substances, that is to 

say, emitting vapours liable to, take fire, « 

at a temperature of 36 degrees and above. • 

1. If the quantity stored is, even tempo- 
rarily, 10,500 litres or more . . . Do. 

Neatsfoot Oil (manufacture of). 

1, With employment of matters in putre- 
faction Do. 

Fish Oil (manufacture of) . . . . Smell ; danger of fire. 

Resinous oils (manufacture of) . . . Do. 

Oils and other fatty bodies extracted from 
the remains of animal matters (extrac- 
tion of) Do. 

Oils (mixed, hot or boiled). ^ 

1. In open vessels Do. 

Red oils (manufacture of), by the extraction 
of greaves and fatty remnants, at a high 
temperature Do. 
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Arrangement of Worhe in France^ 1867 . 

Fibst 


Names of Manufactures. 

^ Cause of Complaint. 

JAgniks (incineration of) • 

Smoke ; injurious emanations. 

Menageries 

Danger from animals. 

TAitraie of Iron (manufaeture of). 

1, When the injurious vapours are not 
absorbed or decomposed 

Injurious emanations. 

Ivcyry Black and Animal Cbai’coal (die- 

4 

tillation of bones or manufacture 
of). . 

1. When the gases are not burnt 

Smell. 

Archil (manufacture of). 

1. In open vessels 

Do. 

Bmes (torrefaction of) for Manure. 

1. When the gases are not burnt 

Smell and danger of fire. 

Fresh hones (d6p6ts of) on large scale 

, Smell ; injurious emanations. 

Phosphorus (manufacture of) . 

Danger of fire. 

Piggeries 

Smell j noise. • 

Powder and fulminating substances (manu- 
facture of) 

Danger of explosion and fire. 

Dessicated nightsoil (manufa'cture of), and 
other manures from animal matters 

Smell and polluting of waters. 

BesiriSy gallipot and conunon resin (work on 
a large scale for melting and purifying) 

Smell and danger of fire. 

Bed^ Prtissian and English 

Injurious emanations. 

Retting in quantity, hemp and flax . 

Do. and polluting the waters. 

Sabots (workshop for rmoking), by the 
combustion of the horn or other animal 
matters in the towns .... 

Smell and smoke. 

Blood, 

« 

1. Workshops for separating fibrine, albu- 
men, &c 

Smell. 

3. (D6p6ts of) for the manufacture of Prus- 
sian blue and other industrial products . 

Do. 

3. (Manufacture of powder of) for clarify- 
ing wines ...... 

Do. 

Bristles of swine (preparation of). 

1. By fermentation , 

Smell.^ 

Raw soda, from sea- weed (manufacture of), 
in permanent establishments • 

Smell and smoke. 

Brown tallow (manufacture of) . 

Smell ; danger of fire. 
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Arrangmefit of Works in France^ 1867 . 

PiBBT Glass — continued. 


Names of Manu^tures. 

Cause of Complaint. 

Tallow candles (melting-houses for) using 
naked flame 

Smell ; danger of Are. 

Bone fat (manufacture of) ... 

Smell; pollution of waters; 

danger from firr 

Sulphate of ammonia (manufacture of), by 
distillation of animal matters 

Smell. 

Sulphate of copper (manufacture of) from 
roasting pyrites 

Injurious emanations. 

Sulphate of mercury (manufacture of). 

1, When the vapours are not absorbed 

Do. 

Sulphate of soda (manufacture of). 

1. By the decomposition of common salt by 
sulphuric acid, without condensation of 
the hydrochloric acid .... 

Do. 

Sulphuret of carbon (manufacture of). 

Smell ; danger of Are. 

Dp. (manufactures in which they employ 
on a large scale the) .... 

Danger of fire. 

Tobacco (calcination of the midribs of) 

Snfell and s|aoke. 

Taffeta and glazed or waxed cloth (manufac- 
ture of) . 

Smell and danger of fire. 

Pyritous and aluminous earths (roasting of) 

Smoke ; injurious emanations. 

Turf (charring of). 1 

1. In open vessels . , . . 

Smell and smoke. 

Olive oil-cakes (preparation of) by sulphu- 
ret of carbon 

Danger from fire. 

Tnperies annexed to the slaughteF-houses . 

Smell atfd pollution of waters. 

Bat varnish (manufacture of) . 

Smell and danger of Are. 

SECOND CLASS. 

Arsenic Acid (manufacture of) by 
means of Arsenious Acid and 
Nitric Acid. 

2. When the nitrous products are absorbed 

Injurious vapours. 

Hydrochloric Add (production of) by 
the decomposition of the Chloride 
of Magnesium, of Aluminium, &c. 

2. When the acid is condensed . 

Accidental emanations. 

Oxalic Add (manufacture of). 

2. By sawdust and potash 

Vapour. 
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Arrangement of Works in France^ 1867. 

Second Class — continued. 

Names of Manufactures. • Cause of Complaint. 

Pyroligneous, Add (manufacture of). 

1. When the gaseous products are not 

burned . Smoke and smell. 

(purification of) . . Smell. 

^aric Add (manufacture of). 

2. Bj saponifying Smell and danger of fire. 

Alcohol (rectification of) . . . . Danger of fire. 

Art\fidal Ffiel or Bricks of Coed (ma- 
nufacture of). 

1. With fat resin . . . . * . Smell ; danger of fire. 

Starch Works, 

2. By the separation of the gluten, and 

without fermentation .... Pollution of waters. 

Arseniate of Potash (manufacture of) 
by Saltpetre. 

2. When the vapours are absorbed . . Accidental emanations. • 

Asphalts and Utumens (wcfking of) by the 
naked fire Smell and danger of fire. 

Tarpatdings (manufacture of). 

2. Without boiling in oil . . . . Danger of fire. 

Baryta (decolorising of sulphate of), by 

hydrochloric acid in open vessels . . 1 Injurious emanations. 

Carpet heating on a large scale . . . Noise and dust. 

Bleaching, 

1. Of yarns, of cloths, and of pulp forpapec 

by chlorine . . * . . . . Smell; injurious emanations. 

8. Of yams and wooVen fabrics, and silks, 
by sulphurous acid .... Do. 

Carbonisation of wood .... Do. 

1. In the open air, in permanent establish- 
ment, and otherwise than in the forest . Smell and smoke. 

2. In close vessels, disenga^ng into the idr 

the gaseous products of distillation . Do. 

Indiaruhher (working of), employing essen- 
tial oils or sulphuret of carbon . . Smell ; danger of fire. 

Ditto (application of coatings of) . . Danger of fire. 

Pearl Ashes, 

2. With combustion and condensation of 
the smoke Smoke and smell. 

Chamois Leather Factories. 
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Arrangement of Works in France^ 1867. 
Second Class — continued. 


Names of Manufactures. 


Cause of Complaint. 


8ilh hats or other preparations, by means 
of a finish (manuiacture of) . 

Lime Kilns, 

1. Permanent 

Chlorine (manufacture of). 

1. On a large scale . . * . . ^ 

Alkaline cMorideSf eau de javelle (manufac- 
ture of) 


Danger of fire. 
Smoke; dust 
Smell. 

Do. 


Cocoons, 

1, Treatment of coloured cocoons 

2. Spinning of cocoons (see spinning). 

Coke (manufacture of). 

2. In smoke-consuming kilns 


• Pollution of water. 

. l)ust. 


^ Currying Works, 

Hairs and pigs' bristles (preparation of) 
without fermentation (see also pigs* 
bristles by fermentation) 

Baw leather and fresh hides (depots of) 


Smell. 

Smell and dust. 


Cyanide of Potas8iu7n and Prussian 
Blue (manufacture of). 

2. By employing matters previously carbo- 
nised in close vessels .... 


Smell. 


Fatty Waters (extraction for the 
manufacture of soap, add other 
uses of oils contained in). 

2. In close vessels 


Smell ; danger of fire. 


Manures (d^pdts of) from Middens,—* 
Animal Kemains. 

2. Dried or disinfected,^ and in covered 
stores when the quantity exceeds 25,000 
kilograms 

Crockery (manufacture of). 

1. With kilns not smoke-consuming • 

Felt (tarred), manufacture of . 

Forges and boiler works for great works 
employing machine hammers 

FurnaceSf blast 

Laces and cloths of gold and silver (burning 
on a great scale of), in the towns . 




Smell. 


Smoke. 

Smell and danger of fire. 

Smoke; noise. 

Smoke and dust. 

Smell. 
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Arrangement of Works in France^ 1867 . 

Second Class — continued. 


Names of Manufactures. 


Cause of Complaint. 


Gases for lighting and firing (manufacture 

of) 

1. For the public use .... 

Tars (treatment of) in gas manufactures . 
Tars and Bituminous Fluid Matters 
(d^p6ts of). 


Smell. 

Smell and danger of fire. 
Do. 


Oils of petroleum, of schist, and of tar, 
light oils, and other hydrocarbons em- 
ployed in lighting and heating and in the 
manufacture of colours and varnishes, 
cleaning stufis, &c. . . . ^ . Do. 

a. Very inttammable substances, that is to 
say, emitting vapours liable to take fire 
(1) at a temperature of less than 36 
degrees (or 95° Fahr.) on approach of a 

lighted match Smell and danger of fire. 

2. If the (mantity above 160 litres does not 

reach 1^60 litres Do^ 

b. Less inflammable subi^ances, that is to 
say, emitting fapours liable to take fire 
only at a temperature of 85 degrees and 

above Do. 

2. If the quantity stored above 1,060 litres 

does not reach 10,600 litres . . . Do. 

Neatsfoot Oil (manufacture oQ. 

2. When the matters employed are not 

putrefied ...... Smell. 

Oils (mixing by'^heat or boiling of). ♦ 

2. In close vessels Smell and danger of fire. 

Dairies on a large scale in the towns . . Smell. 

Oils hitmingj when alcohol and essential 
oils are used Danger of fire and explosion. 

Engines and Waggons (workshops for con- 
struction of) . . Noise ; smoke. 

Murexide (manufacture of), in close vessels, 
by the reaction of nitric acid, and of the 

uric acid of guano ..... Injurious emanations. 

NitrO'-hendney aniline and matters derived 
from benzole (manufacture of) . . Smell, injurious emanations, 

and danger of fire. 

Animal charcoal from refineries and sugar 

works (revivification of). . . . Injurious emanations ,* smell. 

Lanxp black (manufacture of), by the distil- 
lation of oils, tars, bitumens, &c. . . Smoke ; smell. 
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Arrangement of Works in France, 1867. 
Second Class — continued. 


Names of Manufactures. 

• 

Cause of Complaint. 

Ivory and Animal black (distillation of 


bones or manufacture of). 


2. When the gases are burnt . 

Smell. 

Onions (drying of), in the towns 

Do. 

Bones (torrefaction of) for manure . 

Smell and danger of fire. 

Ditto when the gases are burn| 

Do. 

Parchment factories 

Smell. 

Tobacco Pipes (manufacture of). 


1, With kilns not smoke-consuming^ 

Smoke. 

Plaster (kilns for). • 


1. Permanent 

Smoke and dust. 

Salted Jish (depots of) ... . 

Unpleasant smelf. 

Porcelain (manufacture of) a 

Smoke. 

Pot^h (manufacture of), by carbonising the 

Smoke and smell. 

residue of molasses .... 

Protochloride or salt of tin (manufacture 

•• 

oO 

Injurious emanations. 

Sugar refinery and manufacture 

Smeke and smell. 

Pogue (d^pot of brine used for salting) 

Smell. 

Skins or fur of hares and rabbits (cleaning 


of) 

Do. 

Petting (on a great scale) of hemp and flax 
by the action of acids, of warm water. 


and of vapour . . . • . 

Injurious Emanations and pol- 


luting waters. 

Salt provisions (establishments for) and 


smoking of fish 

Smell. 

Sardines (preparation of preserved), in the 


towns 

Do. 

Sausages (manufactures on a great scale of) 

Do. 

Sal ammoniac and sulphate of ammonia 
(manufacture of), by employing animal 

Smell ; injurious emanations. 

mattera 

Sal ammoniac extracted from the waters of 


gasworks (special manufacture of) 

Smell. 

Sulphur (fusion or distillation of) 

Injurious eTnanations ; danger 
from fire. 

Tallow candles (smelting-houses for). 

Smell. 

2. In the water bath or by steam 
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Arrangement of Works in France^ 1867 . 
Second Class — continued. 


Napes of Manufactures. 

* Cause of Complaint. 

Sulphate of Mercury (manufacture of). 

2. When the vapours are absorbed . 

Slight emanations. 

Sulphate of peroxide of iron (manufacture 
of), by sulphate of protoxide of iron and 
nitric acid (nitro sulphate of iron) . 

Injurious emanations. 

Sulphate of Soda (manufacture of). 


2. With complete condensation of the 
hydrochloric acid . . . • . 

Do. 

Tobacco (manufacture of) . 

Smoke and dust. 

Tanneries • . 

Smell. 

Enamelled Earths (manufacture of). 

1. With kilns not smoke-consuming . 

Smoke. 

Stripping of flax y hemp, and jute on large 
scale 

1 Dust and smoke. 

Oilcloths for packing cloth, tarred 
cords, tarred papers, pasteboards, 


and bituminou*^^ tubes (manufac- 
ture oft. 

1. By hot method 

Smell and danger of fire. 

Cooperage on a large scale, working on 
casks impregnated with fatty and putres- 
cent matters ...... 

Noise, smell, and smoke. 

Resinous torches (manufacture of) 

Smell and danger of fire. 

Turf (carbonisation of). 

2. In close vessels 

Snlell. 

t t 

Slaughter^hmses . . 

Smell and danger from the 

Varnishy with spirits of wine (manufactures 
of) 

animals. 

Smell and danger of fire. 

Glassworks, Crjstalworks, and manu- 
factures of Mirrors. 

1. In kilns not smoke-consuming 

Smoke and danger of fire. 


THIKD CLASS. 


Nitric Acid 

Injurious emanations. 

Oxalic Add (manufacture of). 


1. By nitric acid . . . . . 


h. With destruction of injurious gases 

Accidental fumes. 

Picric Acid, 


2. With destruction of injurious gases 

Injurious vapours 
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Arrangement of Works in France^ 1867. 

Third Class — continued. 

Names of Manuftictures. Cause of Complaint. 

Pyrolig^neom Acid (manufacture of). 

2. When the gaseous products are burned . Smoke and smell. 

Sulphuric Add (manufacture of). 

2. Of Nordhausen by the decomposition of 
sulphate of iron Injurious emanations. 

Steel (manufacture of) . ^ . . . Smoke. 

Albumen (manufacture of) from the fresh 
serum of blood Smell. 

Alcohols other than from wine, without 

works for rectification . #. . Pollution of the waters. 

Ditto (agricultural distillery) . . . Do. 

Artifidal Fuel or Bricks of Coal (ma- 
nufacture of). 

2. With dry resin Smell. 

Ammonia (manufacture on a large scale 
6f), by the decomposition of ammoniacal 
salts Do. 

Refngeratiug preparations, 

1. By ammonia Do. 

2. By ether, or other similar and com- * 

bustible liquids Danger of explosion and fire. 

Asphalts, bitumens, resins, and bituminous 

solid matters (depots of) . . . Smell j danger of fire. 

Thrashing, carding, and bleaching woollens, 
hairs, and feathers for bedding . . Smell and dust. 

Thrashing hides (hammer for) , * . . Noise^anJ disturbance. 

Thrashing and washing (spacious workshops 
for) worsteds, hairs, and waste of woollen 
and silk threads in the towns . . Noise and dust. 

Gold and silver beaters .... Noise. * 

Bark beaters in the towns .... Noise and dust. 

IVhite of Zdne (manufacture of), by the 
combustion of the metal . . . Metallic fumes. 

Bleaching, 

Linen threads and tissues, hemp and 
cotton, by the alkaline chlorides (nypo- 

chloride) Smell ; pollution of waters. 

Candles of paraffin and others of mineral * 

origin (moulding of) ... . Smell ; danger of fire. 

Candles and other articles in wax and 
stearic acid Danger of fire. 
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Arrangement of Works in France^ 1867 . 
Third CLiJSS — contimtsd. 


N^es of ManufacturoB. 

Cause of Complaint. 

Button makers and other metal embossers 
by mechanical means .... 

Noise. 

Breweriee 

Smell. 

Brickworht with kilns not smoke-con- 
suming 

Smoke. 

Wash-houses 

.Pollution of waters. 

Coffee (roasting on a large scale of) . 

Smell and smoke. 

Flints (kilns for calcining) 

Smoke. 

Carbonising Wood, ^ 

2. In close vessels, with combustion of the 
gaseous products of distillation 

Smell and smoko. 

Pasteboard makers 

Smell. 

Goldsmiths' waste (treatment of by lead) . 

Metallic fumes. 

Ceruscj or white lead (manufacture of) 

Injurious emanations. 

Candles (manufacture of) . . . 

Smell ) danget of fire. 

Yards for firewood in the town 

Injurious emanations : danger 

f 

of fire. 

Felt hats (manufacture of). 

Smell and dust. 

Wood carbon in the towns (depots or stores 

of) 

Danger of fire. 

Lime Kilns, 

2. Not working more than one month in 
the year 

Smoke and dust. 

Bags (d€p6ts of) • . . . . . 

Smell. 

Chloride of Lime (fiianufacture of). 

2. In works manufscturing at most 300 
kilograms per day 

Do. 

Chromate of potash (snanufacture of) . 

Do. 

Sealing-wax (manufacture of) . 

Danger of fire. 

Ammoniacal cochineal (manufacture of) 

Smell. 

Cotton and greased cotton (bleaching waste 
of) 

Pollution of waters. 

Copper (solution of) by acids 

Smell; injurious emanations. 

Bed prussiate of potash .... 

Injurious emanations. 

Cotton waste (d^pdts oQ, on a large scale, 


in the towns 

Danger of fire. 

Distilleries in general ; spirits, gin, kirsch- 
wasser, absinthe, and other alcoholic 
liquors 

Do. 
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Arrangement of Works in France^ 1867. 

Thibd Glass — eoniiiMud, 

Names of Manuftictures. Cause of Complaint. 

GUding and nlvering of metals . . . Injurious emanations. 

Scalding-hmm, 

2. For the preparation of parts of animals 

proper for food Smell. 

Enamel (application of) on metals . . Smoke. 

Enamels (manufacturing), wth kilns not 

smoke-consuming Do. 

Manures (d^p6ts of) from Middens. — 

Animal Kemains. 

3. Dried or disinfected, and in »lovered 
store, when the quantity is less than 

2,500 kilograms ..... Smell. 

Fattening of fowls in the towns (establish- 
ments for) Do. 

Sponges (washing and drying of) . . Smell and pollution of water. 

Qmcksilvering of mirrors .... Injurious emanations. 

Earthenware (manufacture of) 

2. With smoke-consuming kilns . . Accidental sftioke. 

Whalebone (working) .... Unpleasant emanations. 

Starch manufactories .... Smell ; pollution of waters. 

Tin plate (manufacture of) . . . Smoke. 

Spinning of cocoons (workshops on a large 
scale, that is to say, employing at least 

six winders) Smell ; pollution of waters. 

Foundries of copper, brass, and brcmze . Metallic fumes. 

Foundries for the second fusion . . Smoke. 

Founding and rolling of lead, zinc, and 

copper Noise j smoke. 

Cheeses (d^p6ts of) in the towns . . Smell. * 

Gases for lighting and heating (manu- 
facture of). 

1. For particular use .... Smell ; danger of fire. 

Gasometers for particular uses, not adjoin- 
ing manufacturing works . . . Do. 

Gelatine for food, and gelatines derived 
from fresh skins and dressing, and fresh 
hides . . . ' . . . . Smell. 

Guano (d^pdts of). 

2. For sale by retail .... Do. 

Herrings (salting of) .... Do. 
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Arrangement of Works in France^ 1867. 

Third Class — continued. 


Names of Manufactures. 

f 

f. Cause of Complaint. 

Hungary Uather tanneries .... 

Smell. 

Oil-works and oil-mills .... 

Smell ; danger of fire. 

Oils (purificatio'i of) .... 

Do. 

Bacon (wprkplaces for smoking) 

Smell and smoke. 

Coal-washing 

Pollution of waters. 

Wash-houses for wool .... 

Do. 

Litharge (manufacture of) ... 

Noxious dust. 

Morocco ‘manufactories . 

Smell. 

Massicot (manufacture of) . , . . 

Noxious emanations. 

ica^Aei'-dressing establislimenta 

Smell. 

Bed lead (manufacture of) ... 

Injurious emanations. 

Mills for grinding lime, flints, and pouzzo- 

Dust. 

lane 

Nitrate of Iron (manufacture of). ' 


2. When the injurious vapours are ab- 

Injurious emanations. 

sorbed or decomposed . ^ . 

Mineral charco<*l (^manufacture of), by 
pounding the residue of distillation of 
bituminous schists '. . . . 


Smell and dust. 

Olives (pickling of) . 

Polluting of waters. 

Archil (manufacture of). 

2. In close vessels, and employing ammonia 


ta the exclusion of urine 

Smell. 

Wadding (manufact^nre of) 

Dust and danger of fire. 

(manufacture of j- .... 

Danger of fire. 

Paper pulp (preparation of), by means of 

Pollution of waters. 

straw and oilier combustible matters 

Sheepskins (diying oQ . . . . 

Smell and dust. 

Perchloride of iron, by solution of peroxide 


of iron (manufacture of) ‘ . 

Injurious emanations. 

Mechanical ponnding of drugs . 

Noise and dust. 

Tobacco pipes (manufacture of). 


2. 'With smoke-consuming kilns 

Accidental smoke. 

Gypsum (kilns for). 


2. Only working one month 

Smoke and dust. 

Porcelain (manufacture of). 


2. With smoke-consuming kilns 

Accidental smoke. 

Earthenware (manufacture of) with kilns 

1 

not smoke-consuming .... 

I Smoke. 
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Arrangement of Works in France^ 1867. 

Third Class — continued. 

Names of Manu^dctures. | Cause of Complaint. 

Puozzolaney artificial (kilns for) . . Smoke. 

Salting and preparation of meats . . ' Smell. 

Salting (ddp6ts for), in the towns . . Do. - 

Soap works Do. 

Salt of soda (manufacture of), with sulphate 
of soda . . . . « . . . Smoke ; injurious emanations. 

Glucose and syrups from fecula (manufac- 
ture of) Smell. , 

Sulphur (pulverisinfy and sifting of) . . Dust ; danger of fire. 

Sulphate of protoxide of iron or* green 
copperas, by tlie action of sulphuric acid 
on old iron (manufacture on a large 

scale of) Smoko; injurious emanations. 

Sulphate of iron^ alumina, and alum 
(manufacturo of), by the washing of 

joasted pyrites and aluminous earth . Smoke and pollution of 

Walters. 

Tastehoard smif-hoxes (manufacture of) , Sme'il and d^mger of fire. 

Oak hark (mills for) Noise and dust. 

Ttydng Smell and pollution of 

waters. 

Dyeing of skins Smell. 

Enamelled %vare (manufacture of). 

2. With smoke-consuming kilns . . Accidental smoke. 

Oilcloths for packing textures^, tarred 
cords, tarred papers, pasteboards, 
and bituminous tubes (manu- 
facture of), 

1. By cold method Smell ; danger of fire. 

Painted cloths fmanufacture of) . , , Smell. 

Plates and polished metals .... Smell and danger of fire. 

Wiredrawing works Noise and smoko. 

Tilewo7'ks, with kilns not smoke-consuming Smoke. 

Cowhouses^ in towns of more than 6,000 
inhabitants Smell and drainage of urine. 

Glasstoorks^ Crystalworks, and Manu- 
factories of Mirrors. 

2. With smoke-consuming kilns . . Danger of fire. 

Q Q 
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ABE 

A berdeen. See 

Towns in Scotland 
Aberdeenshire, 264 . 
Aberfeldie. Inland 

Country 

Accuracy, measure of, 86 
Acidity, 276 

Acids, comp, and total, 
276, &c. 

— and vegetation, 656 
Airwashing, 425 
— summary of results, 
439 

*jr in Manchester, 427, 

&c. 

— in Loudon, 430 
— for carb. acid, 191 
Albuminoid ammonia, 
comp. 278 

Alder&hot. See Inland 
Country 
Algiers, A., 21 
Allenshead, 91 
America, carb. acid, 48 
Ammonia, 266, and 
Tables 

Ammonia, comp. See 
various towns, 277 
— albuminoid, 436 
— and nitric acid, 418 
— in powder-smoke, 116 
— London, 31, &c. 
Anaxagoras, 384 
Ancoats, 374 
Animalcules, 392, &c. 
Antigua, A., 7 
— curb, acid, 66 
Apples, smell of, 416 
Arkendale, 103 
Ai’senic, 121 
— in air and coal, 468 
Ashpit, A., 26 
Aspirators, 474 
Atlantic, A., 14 
— carb. acid, 48 
Auchendrane, Ayr. See 
W. coast 


R.- 

BAC 

B acon, 398 

Balgowan. See In- 
land Country 
Balleswidden, 92 
Baltic, A., 14 
Banbury, See Inland 
Countty 
Barral, R., 233 
Barry. Sie E. coast 
Baryta water, 196 
Bascombe, 386 
Battery, 80 
Bedielbronn, 238 
Bedroom, A., 26 
Belgian Commission, 661, 
and App. 

Bengal Bay, A., 24 
Berger, A., 20 
Berkeley, 297 • 

— Bishop, 385 
. Berlin, A., 14 
Bern, A., 18 
Bernays, Dr., 191 
Berthollet, A., 14 
Bineau, R. and A., 236 
Binney, E. W., 395 
Birchy Bank, 102 
Birkenhead. See Towns 
in England 
Bischof, 74 

Blackpool, A., 429, 439 
Blood, 183 
Blood and air, 469 
Blood and oxygen, 222 
Bobierre, 269 
Bodemann, 78 
Bogota, A., 17 
— carb. acid, 48 
Botallack Mine, 91 
— 97 
— 410 

Boussingault, A., 18 
— R. and A., 235 
Bracondale. See Inland 
Country 

Brandes, R. and A.. 232 
Braemar-on-the-Dee, 36 


-BAIN. 

4IAR 

Breath, 391 

Brewhouses, carb. acid, 
188 

Bricks, 444, 446 
Brownley Hill, 101 
Brockmann, Dr., 74, 78 
Bronze, 444 
Broughton, 376 
Brunner, A., 18 

20 . 

Brussels, A., 18 
Bryn Gwiog, 99 
Buchan (A.), Esq , 218 
Bunsen, A., 14 

— apparatus, 86 

— and SchischkofF, 116 
Bur(iil, Dr., 40 
Buxton, 429, 439 
Buzza Mine, 92 


C ALCAREOUS sub- 
stances, 444 
Calvert, Dr. Grace, 86 
— 102 

Qindle, weight burnt, 1 72 
— measuring the value 
of air by it, 177 
— burning, diagram of, 
161 

— light in various cases, 
171 

Candles in close places, 
14 4 

— elTect on their com- 
bustion, 168 

Carbon, combustion of, 
in towns, 69 
— from breath, 70 
- in A., 442 
— on surfaces, 446 
C^bonic acid in A., 42 

breathing, 110 

candles, 110 

popular tests, 193 

household test, 201 

^ lime water, 206 
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CAR 

Carbonic acid in sleep, 
189 

effects of, 209 

■ effect on candle, 

169 

and ventilal ion, 

179 

in the blood, 181 

narcotic, 165 

estimation of, 418 

— oxide, 4d2 

Carfijen, Dumfries. See 
W. coast 

Carlcsgill. See Inland 

Country 

Cam Drae, 97 ' 

Cam Camborne, 94 
Carnwath. See Inland 

Couiitry 

Caroline shaft, 80 
Cash well, 90 
Castle nook, 10 0 
Cathcart, 251 
Cavendish, A., 12 

— .^18 

Cavities in mines, 106 
Chamber of Deputies, ti., 
25 » 

Chamounix, A., 20 
Chapman, Ernest Theo- 
phron, 422 

Ciiaiv.oal in mine air, 116 

— as inter, 637 
Chovreul, organic mutter, 

240 

Cistern water, 374 
Chlorides, comp, 271, 
average, 281 

Chlorides in A„ 263. See 
Tables, 271, &c. 
Chlorophyll, 657 
Church, Prof., 255 , 

Cirencester. See Inland 
Country 

Clargill Burn, 102 
Clifford (hot mine), 104 
Close valleys, 611 
Closeness. 134 
Clyde, 250 

Coabash, analysis, 124 
465 

— mine, Cowper Col- 
liery, 105 

— smoke, 462 
Coast, England, 297 
Coast, Scotland, 289 

— Ireland, 298 ' 

Pivih 98 


CON 

Condurrow, 97 
Coufigliachi, A., 20, 24 
Coniston, 100 
Cqiionley, 93 
Conservatory, A., 25 
Continental atmosphere, 
279 

Copenhagen, A., 18 
Copper, 444 
— in A., 469 
Copperworks, vapour 
from, 467 

Copperthwaite, 102 , 
Cornish mines, 76 
Cotton as absorbent, 536 
Couch, Mr., 100 
Courts and alleys, 548 
Cow-houses, 34 
Craigie. See Inland 
Country 
Crelake, 9 1 
Cresy, 257 
Cretinism, 40 
Crieff. Sec Inland 
Country 

Crompton, Kev. J., 256 
\ Crookes, W,, 484 
Crossgillhead, 102 
j Crowding, 548 
Crystals in A. of mines, 
122 

Crystals from R., 382 
('urrents in mines, 106 
Currie, 259 
Cwm Ellin, 99 


D ALSTON, 31 ; &c. 

Dalton, A., 14 
20 

— volumetry, 193 
Dalwhiunie. See luhiud 
Country 

Dancer, J. B., 487 
Davy, A,, 18 
Dawson, 252 
Day, A., 44 

De Chauraont, Dr., 533 
De Luna, carb. acid, 47 
De Saus.surc, A., 13 
Derwent, 101 
Derwentwater, 391 
Didsbury, 428, 439 
Digby, Sir Keuclm, 394 
Dog in carb. acid, 1 83 
Dolcoath Mine, 92, 96, 98 
-411 

Donkin, Prof., 536 


FOR 

Boon, 251 
Dorothea Mine, 41 1 
Dosey, 102 
Dougang, 102 
Dowpot Syke, 101 
Dowson, 267 
Doycre, A., Ill 
Drainage, 506 
Dry weather, A., 32 
Dudgeon, 263 
Duke William Mine, 79 
Dumas, A., 18 
— and Boussingault, A., 
21 

Dumfries, 251 
Dundee. See Towns in 
Scotland 
Dupuytren, 242 
Dust in air of mines, 127 

railway carriages, 

447 

Dyliffe, 100 


E ALLAB^JS, Islay. 

W. coast 
East Darren, 99 
East Deroham, 256 
— coast, Scotland, 283 
East Gumnsluke, 95 
— Pool, 97 
Ecuador, A., 14 
Edgware Road, 31 
Edinburgh. See Towns 
in Scotland 
Electric apparatus, 85 
Eleonora Mine, 78 
Elephant and Castle, 31 
Ends, close in mines, 106 
Errol, 36 

Esk North. See Inland 
Country 

Esperanza, A., 17 


F AULHORN, a., 18 

21,22 

20 

Fellend, Arkendale, 102 
Fernet, carb. acid, 184 
Ferrates, 208 
. Fife. 5(fiE. coast 
Filaments in A. of mines, 
122 

Flame of candle, 166 
Foggy weather, 32 
Fontenelle, R., 241 
Forogill, Arkciidale, 102 
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Forest near Braemar, 36 
Foster, 256 
Fowey Consols, 104 
Foxdale, 100 
France, B., 232 
Frank Mills, 96 
Frankland, Dr. A., 20 

20 

160 

Frankland’s apparatus, 85 
Frosty weather, 32 
Fr^er, Alfred, 66 
Fryer, Benson, and 
Forster, 452 
Fullgrove, 102 
Furnaces, 459 


G alashiels. See 

Towns ill Scotland 
Galashiels, 261 
Garnock, 261 
Garrigill, 90 
Gases of mines, 74 
G^s-flamo, 464 
G^ay-Lussac, A , 13 
18 

Geldeston. See Inland 
Country 
Geneva, A., 14 

18 

~ 42 

German Ocean, A., 16 
Germany, 372 
German mines — 

Alto Elizabeth, 105 
Mordgrube, Freiberg, 
106 

Samson Mine, Andreas- 
berg, 105 

Germs, value of in A., 
543 

— weight and size of, 504 
— 476, &c. 

Glasgow, 38 
— carb. acid, 61 
— 1870, 324 
Goitre, 40 
Goldscope, 100 
Graham, A., 15 
23 

Grands Mulcts, A., 20 
Grassington, 92 
Green, A., 20 
Greenlaws, 91 
Greenock. See Towns in 
Scotland 
Greenside, 101 


GRI 

Grinton, 103 
Grinton Moor, 91 
Groningen, A., 18 
Guadaloupc, A., 16 
Guaduas, A., 17 
Gunpowder, 412 
— smoke, 111 

effect on candle, 1 70 

Gurney, Sir Goldsworthy, 
191 

Guttorgill, 101 


a AUDEN MODE, 92 
Haddington, 254 
Hadfield, 448 
Hadfield’s tests, 1 93 
Hartnup, > Mr., F. U. A.S. , 
70 

Harz Mines, 81 
llausmann, 77 
Havre, A., 17 
Heat, conduction in A., 
163 

Heat in close places, 146 
Hebrides, 245 
Hecker, 385 
Heidelberg, A., 14 
Helvellyu, A., 20 
Hermbstddt, A., 14 • 

Hermitage, 47 
Holland, P. II., 122, 158, 
190 

Holme, Mr., 446 
Honda, A., 17 
Honey Bee, 101 
Ilospit^, A., 25 
— carb. arid, 48, 63 
Huol Call, 92 
— Cock, 92 
— Edward, 95 
— Harriot, 92 
— Hazard, 92 
— Ruth, 97 
Hulme, 376 
Humboldt, A., 18 

13 

— miasm, 516 
Humus, 395 
Hunt, Edward, 416 
— Robert, F.R.S., 74 
Hurst, 103 
— 92 
— 102 
Hutton, 101 
Hydrogen, 461 
— sulphide in powder 
smoke, 117 


LON 

I NFECTION, 6 . 

Inland, A., England, 
307 

Scotland, 299 

— atmosphere, 279 
Innellan, 434 
— 439 

Iodine, A., 241 
Irish Sea, 67 
Iron, 444 
— dust, 44/* 

Irrigation, 519 
Islay, 259. See Sea-coast. 
Islington, 256 

• 

JURA, A.. 20 


K elly, Wemyss Bay. 

SeeW. coast 
Kirkwall. See E. coast 
Keldheads, 103 


L a d6lk, 47 

luady Vein, 101 
Lanark. See Inland 
Country 

Langholm. Slb Inland 
Towns, 251 
Lauterbrunnen, 39 
Lavoisier, carb. acid, 1 83 
Law Court, A., 67 
Laxey, 100 
I^ad chamber, 1 30 
Leblanc, A., 24 

34 

Leucippus, 381 
Levant Mine, 92 
L»"vcl8 in mines, 108 
r»ewy, A., 1C 
— carb. acid, 48 
Liebig, A., 15, 23 

analysis of A., 84 

— R., 231 
— and Pasteur, 494 
Lime to remove carb. 

acid, 191 
Lisburn, 99 

Liverpool, 1870. See 
Towns in England, 
371 

Lochin^-gair, 35 
Loggy Lass, 99 
London ,^A., 30 
— carb. acid, 53 68 
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LON 

London avernge, 52 

— 1869, 345 

— 1870, 347 

— Docks, 31 
Lo: g Close, 37 

— Clough, 90 
Lossiemouth, 36 
Lueretius, 381 
Ludlow. See Inland 

'I'owns 

Lungs and ^arb. acid, 189 
Lyons, A., 14; K, 234 


JJ^ACKWORTH, R. E., 

Madden, Dr., 237 
Madeira, A., 17 
Madrid, A., 14 

— carb. acid, 47 
Maos-y-Safn, 98 
Manchester, A., 7 
20 

997 

— 1870, 332 

— 1809, 308 

— 1808, 379 ^ < 

— See Towns in E« gland, 
1870, 332 

— carb. acid, 49 ‘ 

— average, 62 
Msinganates, 208 
Mar Forest, 36 
Marchand, A., 15 

— carb. acid, 1 87 

Marignac, A,, 18 
Marseilles, R., 236 , 

Marshes, 514 , 

Marsh gas, 224 

— air, 36, 39 

— fever, 40 
Martin, R., 236 
Mattishall. See Inland 

Towns 

Mediterranean, A., 14 
Meteorites, 647 
Metropolitan Railway, 
30, 430, 440 
Meyer, carb. acid, 186 
Miasm, 514 
Miasms, Pierre, 241 
Midden, A., 27 

— 432 * 

— 439, &c. 

Middens, 640 
Miners, 98 
Mines, A., 73 

C .liiJra Jthi k (r>T 11^2 
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JIIN 

Mines, Welsh, 87 

— summary, 106 

Mine air, analyses, 90 
Minuteness, value of, 9 * 

Minimfetric analysis, 194 
Moisture in close A., 136 

— purifying A., 178 
Mompox, A., 17 
Mona, 99 

Moncrioflfe Hill, 35 
Montanvert., 39 
Mont Blanc, A , 20 

candle on, 1 86 , 

Montserrat, A., 17i 18 
Moray Firth, 36 
Mortar, 444 
Morton, 258 
Moscati, 243 ♦ 

Moyle, 74 

— analyses, 71 > 

Muller, Ur., 165 
Muller, curb, acid, 185 

I Munich, A., 49 


^ANTES, 269 

Napier, James, 531 
Nattrass, 101 
Ncnthead, 101 
<Newcastlo*on-Tyno. Sec 
Towns in England 
Night air, 44 
Nitric acid, 268, and 
Tables 

279, &c. 

Nitrogen, Binoxide, 117 
— in mines, 1 1| 

North Seaton, 105 
Northumberland, 100 
Norwich, 266 


O BAN, 36 

Ochill Hill, 35 
Ogilvie, 261 
Ogilvy, 258 
Okel Tor, 95 
Old Oang, 92, 103 
Organic matter in A., 
384 

in mines, 409 

Organised bodies (388), 
476 

— particles, amount of, 
in A., 543 

Owen College, A,, 24 
Oxygen in various situa- 
tions, 7 


QUB 

Oxygen in the blood, 181 
— in A. during sleep, 
189 


P ARIS, A., 14, 21 
Paris, R., 268 
Park Mine, 98 
Parr Consols, 1 04 
Pary’s Mine, 99 
Pasteur, 388, &c. 

Peacock, Dr., 222 
Pendleton, 374 
Pennicuik, 251 
Permanganate, 399 
— comp. 280 
— air- washing by, 416 
See various Towns, &c. 
— now mode, 416 
Perth, 7, 37. Sec Towns 
in Scotland 
Perth, carb. acid, 60 
Pettenkofer, 193 
— carb. acid (49, 89). 

448 . ^ 

Phosphoric acid and 
blood, 471 

Physiological effects of 
carb. acid, 289 
Pichincha, A., 14 
Pierre, J. I., 231 
Pitsligo. See Eist coast 
Plants and acids, 554 
Playfair. Dr. J^yon, 460 
Porous soil, 508 
Potash, salts in mine A., 
116, &c. 

Potassium, sulphide, 113 
Pouriaii, R., 237 
Preston Kirk. See E. 
coast 

Priestly, A., 12, 383 
Primonlia Rerum, 499 
Pulse and carb. acid, 
211 

Putrefaction, 388, 500 
Pyrites of Cornwall, 121 
Pyrogallic acid, 86 


QUEEN’S BENCH, A., 

Queen Charlotte Mine, 
78 

Pit, 79 
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RAI 

E AIN, general, 225 

Bain, conclusions, 
245 

Rampgill, 90 
Beading, 255 
Begnault, A., 6, 14, 15, 
18, 22, 24 

— absorbed oxygen, 181 
Boid, Dr., carbonometer, 
209 

Beiset, 181 
Beissig, Dr., 89 
Boitemcier’s mining, 157 
Bespiration with less 
oxygon, 191 
Bhoses Mawr, 98 
Bigaud de Lisle, 243 
Bobinet, 268 
Boddorup Fell, 90 
Roman Gravels, 100 
Booms, A., 33 
Boscoe, Dr., 208 
Botliwell, W., 553 
Bouello, A., 240 
Bow, Dumbarton. See 
'W. coast 

Bugby. See Inland 
Country 
Buncorn, 370 
— See Towns in England 


AINT Day United, 97 
Saint Helen’s. See 
Towns in England 
and vogebition, 556 

— Ives Consols, 97 
Salt, common, and coal, 

446 

SalzufFeln, B., 232 
Sand in A. of mines, 
121 

Santa Ana, A., 1 7 

— F6, A.. 20 

— Marta, A., 17 
Saussure, 42 

— A., 22 
Scheele, A., 12 
Schischkoff, 116 
Schlagintweit, A., 22 
School air, 25 
Schulze, 441 
Scotland, average, 37 

— carb, acid, 58 
Scott, Bobert H., 258 
Sea-shore, 36; -coast, 289 
Seguin, carb. acid, 183 
Selmi, Antonio, 514 


SEN 

Sensations in bad A., 
134 

Settlingstone, 91 
•Sewers, ventilation, 537 
Shaw, Captain, 257, 262 
Silberthwaite, 100 
Silva Silvarum, 398 
Silverband, 104 
Simplon, A., 20 
Sion, 39 
Siris, 385 

Smell of muriatic acid, 
143 

Smell, sense of, 415 
Smith, J. S., 258 

— Dr. Edward, carb. 
acid, 164 

— Dr. Soi^hwood, 398 

— Miles H., 422 

— H. A., 468 
Smoko, 416 
Snailbcach, 99 

Soda, caustic, to wash air, 
19!> 

Soil, wet, 396 
Solid bodies, search for, 
484 

Solids in A., 380 

of mines, 122 

Sologne, 39 
Sortridgo Consols, 95 
South &mout!i, 96 

— Francis, 92, 97 
Spain, A., 17 
Speculation, 542 
Spence, Peter, ventilation 

of sowers, 538 
Stable, A., 25 
Stables, 34 

Stang, Arkendale, 102 
Stas, A., 18 

Steam, effect on candle, 
167 

Stenhouse, Dr., 537 
Stevenson, Dr., 255 
Stornoway. See W. coast 
Stow Craig, 101 
Strcatley. See Inland 
Country 
Street A., 27 
Sulphates, 264, and 
Tables, 273, &c. 

— comp., 273 
Sulphur in smoke, 465 

— in mine A., 116 
Sulphuretted hydrogen, 

389 

Summary, comp. 271 
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Sumps, 106 
Surface, effect of, 506 
Surrender Mine, 91 
Switzerland, 39 
Symmddo Dylluam, 98 


T ALABGOCH, 98 
Tarry Matters in A. 
443 

Taynuilt, 36 • 

Teiibury, 257 
Theatre, A., 25 
.Th^nard, 242 
Thom, John, 539 
Thomsqp, A., 14 

18 

— B. D., 122 
Thorpe, Dr., 67 
Timpcrloy, 230 
'J’olcarne, 91 
Toulon, A?, 14, 24 
Towns in England, 327 

Scotland, 315 

Trees and acids, 554, and 

, 2 ring. See Inland 
Country 

Twite, Charles, 106 
• Tyndall, Dr. John, 161, 
380 

Tyree, See W. coast 


U NDEBGBOUND 

Bailway, 439, &c. 
Urj[uhart Glen, 258 


y ALENTIA, Ireland, 
258, 298 

Vapours from blast fur- 
•naces, 466 

— from alkali works, 
466 

Varro, Terentius, 615 
(381) 

Vasserode, 47 
Vauxhall Bridge, 32 
Ventilation, 140, 167 
— demands of, 621 
— reasons for, 630 
VerAin, 39 
Verver, A., 18 
Vierordt, carb. acid, 186 
Vogel, A., 14 
Vouzerou^39 
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WAN 

W ANKLYN, J. 

Alfred, 246, 422 
Wanlockhead, 252. See 
Inland — Scotland 
Washing of 425 
Wehrle, Dr. Alois, 74 
Wells, «508 
West Basset, 97 
— Burton, 103 
— Chevorton, 97 
— coast of Scotland, 289 


WES 

West Indies, 66 
Westmoreland Mines, 
104 

— Dupton Fell, 104 
Wet weather, 32 
Wheal Friendship, 94, 95 

— Owles, 92 
Wheat and acid, 556 
White bee, 102 
Wilcot. See Inland 

Country 
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Wilhelm’s Shaft, 79 
Williamson, Prof. W. C., 
410 

Wilson, Greorge, 18 
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Librarian of the Legislative Assembly of 
Canada. 2 vols. 8vo. price £1. 17s, 
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Essays on Historical ifnitli. By 

Andrew Risset. 8vo. 14«. 

God in History ; or, tho Progress of 
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the Discovery of Photographj^ By Eliza 
Meteyaud. 8vo. 1^. • 

Life of the Duke of Wellington. 

By tlie Rev. G. R. Glkig, M.At Popular 
Edition, carefully revised; with copious 
Additions. Crown 8vo. with Portrait, 5s. 

Historyof my Religious Opinions. 

Bj' J. H. Newman, D.D. Being the Sub- 
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Farrar, M.A. F.R.S. Head Master of 
Marlborough College. Crown 8vo. 8 j». Gd. 

Southey’s Doctor, complete in One 
Volume, edited by the Rev. J. W. Warter, 
B.D. I^uare crown 8vo. 12a Gd. 

Historical and Critical Common* 

tary on the Old Testament; with a 
Transla^S}n. By M. M. Kaliscii, Ph.D 
Vol. 1. Genesis, IBs. or adapted for the 
General Reader, 12«. Vol. II. Exodus, 16s. 
or adapted for the General Reader, 12s. 
Vol III. Leviticus, Part I. 15s. or adapted 
for the General Reader, 8s. Vol. IV. Levi- 
ticus, Part II. 15s. or adapted for tlio 
General Reader, 8s. 
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By James Anthony Froude, M.A. late 
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memorable Passages in his Writings and 
Conversation. Crown 8vo. 3s. Gd. 

The EoUpse of Faith ; or, a Visit to a 
Religious Sceptic. By Henry Rogers. 
T^velfth Edition. Fcp. 8vo. os. 

Defence of the Eclipse of Faith, by its 

Author, Third Edition. Fcp. 8vo. 3s. Gd. 

Selections from the Correspondtoce 

of R. E. II. Greyson. By the same Author. 
Third Edition. Crown 8vo. 7s. Gd. 
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Families of Speech, Pour Lectures 
delivered at the Royal Institution of Great 
Britain. By the Rev. F. W. Farrar, 
M.A, F.R.S. Post 8vo. with 2 Maps, 6a. M, 

m 

Chips from a German Workshop ; 

being Essays on the Science of Religion, 
and on Mythology, Tradition%and Customs. 
By F. Max Muller, M.A. &c. Foreign 
Member of the French Institute. 3 vols. 
8vo. £2. 

An Intoduction to Mental Phi- 
losophy, on the Inductive Method. By 
J. D. Morelt., M.A. LL.D. 8vo. 12s. 

Elements of Fsynhology, containing the 
Analysis of the Intellectual Powers. By 

the same Author. Post 8vo. Is. C)d. 

« 

The Secret of Hegel; being tho 
Hegelian System in Origin, I'rinciplo, Form, 
and Matter. By James Hutchison Stir- 
ling. 2 vols. 8vo. 28.V. 

I- 

Sir William Hamilton j being the Philo- 
sophy of Perception : an Analysis. By the 
same Author. 8vo. 6s. 

The Senses and tho InteUect. 

By Alexander Bain, LL.D. Prof, d!* Logic 
in the Univ. of Aberdeen. Third E<lition. 
8vo 15s. 

9 

Mental and Moral Science : a 

Compeiidiuiii of Psychology and Ethics. 
By Alexandku Bain, LI..I). Second 
Edition. Crown 8vo. 10s. Cd. 

The Theory of Practice ; an Ethical 
Inquiry. By Siiadwoutii il. Hodgson. 
2 vols. 8vo. price 24s. 


TJeberweg’s System of 

and Histoi^ of Logical Doctrines.^ Trans; 
lated, with Notes and Appendices, by T. M. 
Lindsay, M.A. F.R.S.E. 8vo. price IGs. 

The Philosophy of Necessity; or. 

Natural Law as applicable to Mental, Moral, 
and Social Science. By Charles Bray. 
Second Edition. 8vo.^s. 

~ • 

A Manual of Anthropology , or Science 
of Man, based on Modern Kcsenrcli. By 
tho same Author. Crown 8vo. Cs. 

On Force, its Mental and Moral Corre- 
lates. Bv the same Author. 8vo. bs. 

■ 

Time and Space; a ]V[t‘tMpliy«cal 
E.ssay. By Siiadwoutii II. IlnixisoN. 
8vo. price IGa-. 

The Discovery* of a Now World 

of Being. By Ckoiige Tiiom->;ox. Post 
8vo. C)S. 

A Treatise on Human Nature; 

being an Attempt to Introduce the Expe- 
rimental l\Ictho(l of Reasoning into Moral 
Subjects. By Da ID Hum K. Edited, witli 
I Notes, ikc. by T. 11. (Iri'.en, Fellow, and 

j T. II. CiRDM':, late Scholar, of Balliol Col 

j lege, Oxford. ilia prrss. 

I Essays Moral, Political, and Li- 
terary. By Davjj) Hume. By the same 
I lulitors. • \_Tn thr, jtrcs.'t. 

! Tl:te above will form a new edition of 

David Hume's Philosophicul IPorfis, com- 
! plelc in Four Volumes, but to be had in Two 
' separate Sections as announced. 


Astronomy, Meteorology, 

Outlines of Astronomy. By Sir 

J. F. W. Herschel, Bart. M.A. Eleventh 
Edition, "with 9 Plates and numerous Dia- 
grams. Square crown 8vo. 12s. 

Schellen’s Spectrum Analysis, in 

its Application to Terrestrial Substance.-* 
and the Physical Constitution of the Ilea- j 
venly Bodies. Translated by Jani: and ! 
C. La.ssell ; edited, with Notes, by W. 
Huggins, LL.D. F.K.S. With 13 Plates 
(G coloured) and 223 Woodcuts. 8vo. 28«. 

The Sun ; Buler, Light, Fire, and 

Life of the Planetary System. By Richard 
A. Proctor, B.A. F.R.A.S. With 10 Plates 
(7 coloured) and 107 Woodcuts, Crown 
8vo. price 145. 

Saturn and its Ssrstem. By the same 
Author. 8vo. with 14 Plates. 145. 


Popular Geography, ^'c. 

< Navigation and Nautical As- 

tronomy (Priictical, Theoretical, Scientific) 
for the use of Students and Practical Men. 
By J. MEiv.irn:LD, F.R.A.S. and IL 
Evers. 8vo. Hs. 

Celestial Objects for Common 

Telescopes. By T. W. Webr, M.A .F.R.A.S. 
New Edition, revised and enlarged, with 
Map of the Moon and Woodcut.s. IGmo. 
price 7s. Od. 

A New Star Atlas, forjtho Library, 
the School, and theJObservatory, in Twelve 
Circular Map.s (with .T^vo Index Plates). 
Intended as a Cempanion to * Webb’s Celes- 
tial Objects for Common Telescopes.’ With 
j a Letterpress Introduction on the Study of 
j the Stars, illustrate^, by 9 Diagrams. By 

i Richard A. Pkoctchj, B.A. IIou. Sec 

i R.A.S. Crown 8yo. 65. 



Essays on Astronomy. By Bichard 
A.Proctou, B.A. Hon. ^c. R.A,S. Dedi- 
cated, by pei%iission, to the Astronomer- 
Oioyal. 8 yo. with 10 Plates and *20 Wood 
Pnj^ravings, price 12s. 


j Tho Pubbo BohoolB AUets of 

I Modern Geogr&phy, In Thirty-one Maps, 

I exhibiting clearly the more important 

Physical Features of the Countries deli- 
neated, and Noting all the Chief Places of 
Historical, Commercial, and Social Interest. 
Edited, with an Introduction, b}' the Ecv. 

' G. Butler, M.A. Imperial quarto, price 
3s. Gd. sewed ; 6s. cloth. 


Natural* History and Popular Science. 


Ganot’s Elementary Treatise on 

Physics, Experimental and Applied, for the 
use of Colleges ant^Scliools. Translated and 
Edited with the Author’s sanction by 
E. Atkinson, Ph.D. F.C.S. New Edition^ 
revised and enlarged ; with a Coloured Plate 
and 726 Woodcuts. Post 8vo. 15s. 

Text-Books of Science, Mechanical 

and Physical. Edited by T. Goodkve, 
M.A. The following may now be had, 
I'l-ioo 3s. Gd. each : — • 

1. Goodkvk’s Mechanism. • 

2. Bloxam's Metals, 

3. Miller’s Inorganic Chemistry. 

4. ( i R 1 FFiN ’.s Algebra and Trigonometry. 

5. Watson's Plane and Solid Geometry. 

6. Maxu'kll’s Theory of Heat. 

7. Mkriufiei.d’s Technical Arithmetic 

and Mensuration. ^ • 

Dove’s Law of Storms, considered in 
connexion with the ordinary Movements of 
the Atmosphere. Translated by 11. H. 
Si'OTT, M.A. T.C.D. Svo.dOs. Gd. 

The Correlation of Physical 

Forces. By W. R. Grove, Q.C. V.P.R.S. 
Fifth Edition, revised, and Augmented by a 
Discourse on Continuity. 8vo. 10s. 6d. 
The Discourse, separately, price 2«. 6d. 

Natural Philosophy for General 

Readers and 'i'oung Persons; being a Course 
of Physics divested of Mathematical For- 
mulae, expressed in the language of daily 
life, and illustrated srith Explanatory 
Figures, familiarly elucidating the Prin- 
ciples and Facts. Translated and edited 
from Gauot’s ‘ Cqyssde Physique,’ with the 
Author’s sanction, by E. Atkinson, Ph.D. 
F.C.S. Crown 8vo. with Woodcuts, 7s. Gd. 


feeat a Mode of Motion. By Pro- 
fessor John Tyndall, LL.D. F.R.S. Fourth 
Edition. Crotvn 8vo. wdlh Woodcuts, 
price 10«. Gd. 

Bound : a Course of Eight Lectures de- 
livered at the Royal Institution of Great 
Britain. By Professor' John Tyndall, 
LL.D. F.R.S. New Edition, with Portrait 
and Woodcuts. Crown 8vo. Ds. 

Researches on Diamagnetism 

and Magne-Crystallic Action ; including 
the Question of Diamagnetic Polarity. By 
Professor Tyndall. With G Plates and 
many Woodcuts. 8vo. 14 j». 

Notes of a Course of Nine Lec- 
tures on Light, delivered at the Royal 
Jnstitution, a.d. 1869. By Professor Tyn- 
dall. Crow'n 8vo. Is. sewed, or Is. Gd. 
cloth. 

Notes of a Course of Seven Lec- 
tures on Electrical Phenomena and Theories, 
delivered at the Royal Institution, a.d. 1870. 
By Professor Tyndall. Crown 8vo. h. 
sewed, or Is. Gd. cloth, 

A Treatise on Electricity, in 

Theory and Practice. By A. De La Rive, 
Prof, in the Academy of Geneva. Trans- 
lated by C. V. Walker, F.R.S. 3 vols. 
8vo. with Woodcuts, £3. 135. 

Fragments of Soience. By John 
Tyndall, LL.D. F.K.S. Third Edition. 
8vo. price 145. 

Light Science for Leisure Hours; 

a Series of Familiar Essays on Scientific 
Subjects, Natural Phenomena, &c. By 
R. A. Proctor, B.A. F.R.A.S. Crown 8vo. 
price 75. Gd. 
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its Influt'nco on Life and Health. 
By Forbes Winslow, M.D. D.G.L. Oxon. 
(Hon.) Fcp. 8vo. 6s. 

Van Der Hoeven’s Handbook of 

Zoology. Translated from the Second 
Dutch Edition by the Rev. W. Clark, 
M.D. F.R.S. 2 vols. 8vo. with f4 Plates of 
Figures, 60s. 

Professor Owen’s Lectures on 

the Comparative Anatomy and Physiology 
of the Invertebrate Animals. Second 
Edition, with 235 Woodcuts. 8vo. 21s. 

The Comparative Anatomy and 

Physiology of the Vertebrate Animals. By 
Richard Owen, F.R.S. D.C.L. JW^ith 
1,472 Woodcuts. 3 vols. 8vo. £3 13s. 6d. 

Kirby and Spence’s Introduction 

to Entomology, or Elements of the Natural 
History of Insects. Crown 8vo. 5s. i 

Homes without Hands ; a Descrip- 
tion of tlic Habitations of Animals, classed 
according to their Principle of Construction. 
By Rev. J. G. Wood, M.A. F.L.S. With 
about 140 Vignettes on Wood. 8vo. 21*. 

Strangp Dwellings; a Description 
of the Habitations of Animals, abridged 
from ^Hornes without Hands.’ By J. G. 
Wood, M.A. F.L.S. With a New Frontis- 
piece and about GO other Woodcut Illus- 
trations. Crown 8vo. price 7s. 6d. 

Bible Animals ; a Description of every 
Living Creature mentioned in the Scrip- 
tures, from the Ape to the Coral. By 
the Rev. J. G. Wood, M.A. F.L.S. With 
about 100 Vignettes on Wood. 8vo. 21s. 

The Harmonies of Nature and 

Unity of Creation. By Dr. G. IIartwio. 
8vo. with numerous Illustrations, 18s. 

The Sea and its Living Wonders. By 
the same Author. Third Edition, enlarged, 
8vo. with many Illustrations, 21s. 

The Tropical World. By the same Author. 
With 8 Chronioxylographs and 172 Wood- 
cuts. 8 VO. 21s. 

The Subterranean World. By the same 
Author, With 3 Maps and about 80 Wood- 
cut Illustrations, including 8 full size of 
page. 8 VO. price 21s. 

The Polar World: a Popular Doscription of 
Mon and Nature in the Arctic dnd Antarctic 
Regions of the Globe. By the same Author. 
With 8 Chromoxylograplis, 3 Maps, and 85 
Woodcuts. 8 VO, 218. 


Insects at Home ; a Popular Ac- 
count of British Insects, their Structure, 
Habits, and Transformations. By the 
Rev. J. G. Wood, M.A. F.L.a With 
upwards of 700 Illustrations engraved on 
Wood, 1 coloured and 21 full size of page. 
8vo. 21s. 

The Or^a of OiTlisation and 

the Primitive Condition of Mon ; Mental* 
and Social Condition of Savages. By Sir 
John Lubbock, Bart. M.P. F.R.S. S^ond 
Edition, revised, with 25 Woodcuts. 8vo. 
price 16s. 

The Primitive Inhabitants of 

Scandinavia. Containing a Description of ^ 
the Implements, Dwellings, Tombs, and 
Mode of Living of the Savages in the North 
of Europe during the Stone Age. By Svfjt 
Nilsson. 8vo^ Plates and Woodcuts, 18s. 

A Familiar History of Birds. 

By E. Stanley, D.D. late Lord Bishop if 
Norw'ich. Fcp. w ith Woodcuts, 3s. Gd. 

Maunder’s Treasury of Natural 

History, or Popular Dictionary of Zoology, 
fievised and corrected by T. S. Cobboli# 
M.D. Fcp. W'ith 900 VV''oodcuts, 6s. 

The Elements of Botany fof 

Families an(^ Schools. Tenth Edition, ny 
vised by I^’homas Moore, F.L.S. Fcp 
with 154 Woodcut'^, Gd. 

The Treasury of Botany, or 

Popular Dictionary of the Vegetable King- 
dom ; with which is incorporated a Glos- 
sary of Botanical Terms. Editwl by 
J. Lindley, F.R.S. and T. Moore, F.L.S. 
Pp. 1,274, wdth 274 Woorlcut.s and 20 Sto«4 
Plates. Two Part.s, fcp. 8vo. 12s. 

The Bose Anftiteur’s Guide. By 

Thomas Rivers, New Edition. Fcp. 4:#, 

IiOudon’sEncyclopsediaof Plants; 

comprising the Specific Character, Descriin 
tion. Culture, H^tory, &c. of all the Plants 
found in Great Britain. With upward,s of 
.12,000 Woodcuts. 8vo. 42s. 

Maunder’s Scientific and Lito- 

rary Treasury ; a Popular Encyclopasdia of 
Science, Literature, and Art. New Edition, 
in part rewritten, witli above 1,000 new 
articles, by J. Y. Joiin.son. Fcp. 68. 

A Dictionary of Science, Litera- 
ture, and Art. Fourth Edition, re-edited 
by the late W. T? Brande (the Author) 
and George W. Con, M.A. 3 vols. medium 
8yo. price 638. cloth. 
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Chemistry^ Medicine, Surgery, and the Allied Sciences. 


A Dictionaxy of Chemistry and 

the Allied Branches of other Sciences. By 
Henry Watts, F.C.S. assisted l)y eminent 
Scientific and Practical Chemists. 5 vols. 
medium 8vo. prie*' £7 3s. 

l^uppVement •, bringing the Record of Chemical 
Discovery down to the end of the year 1869 ; 
including also several Additions to, and 
Corrections of, former results which have 
appeared in 1870 and 1871. By the same 
Author, assistfed by eminent Scientific and 
Practical Chemists, Contributors to the 
' l!)riginal Work. 8vo. 31s. C<i. 

Besearclies in Molecular Physios 

by Means of Radirnt Heat; a Series of 
Memoirs collected from tin Philostiphical 
Transactions. By John Tynoali., LL.D. 
F.R.S. 1 vol. 8vo. [/« the press. 

Elements of Chemistry, Theore- 
tical and Practical. By IVilliam A. 
Miller, M.D. LL.D. Professor of Cheinisr 
try, King’s College, London. Fourth Kdy 
tion. 3 vols. 8vo. £3. 

Part I. Ciikmical Physics, I.*)#. 
Part 11. I.\’<)IU}Anic(.'hf..mi.stry', 21«. 
Part III. Orcamo Chkmlstry, 24«. 

A Course of Prac'^ical Chemistry, 

for the use ()f Aledieal ^tiulents. By 
W. Oi)LIN(j,M.B.F.R.»S. Neiv KiUtion, with 
70 new Woodcuts. CroYvn 8v’o. 7s. Qd. 

Outlines of Chemistry; or, Brief 
Notes (»f Clioiniejil Facts. By the .same 
Author. Crown 8vo. 7s. 6d. 

Lectures on Animal Chemistry Delivered 
at the lh*yal College of IrMiy.sicijins in 1865. 
By the same Author. Crown 8vo. 4s. 6(/. 

Select Methods in Chemical 

Aiialy.sis, chiefly Inorganic. By William 
Crookes, F.R.S. With 22 Woodaits. 
CroYYm 8vo. price 12s. 6«/. o 

Chemical Notes for the Lecture 

Room. By Tho.yias Wood, F.C.S, 2 vols. 
crown 8vo. 1. on Heat, &c. price 5s. 
II. on the Metals,' price 5s. 

The Diagnosis, Pathology, and 

Treatment of Diseases of Women ; including 
the Diagnosis of Pregnancy. By Graily 
Hew'Itt, M.D. &c. President of the Obste- 
trical Society of London. Second Edition, 
enlarged ; with 116 Woodcuts. 8vo. 24s. 

On the Surgical Treatment of 

Children’s Diseases. By T. Holmes, M.A. 
&c. late Surgeonr the Hospital for Sick 
Children. Second Edition, with 9 Plates 


Lectures on the Diseaees of In- 
fancy and Childhood. By Charles West, 
M.D. &c. Fifth Edition. 8vo. 16s. 

On Some Disorders of the Ner- 
vous System in Childhood. Being the 
Lumleian Lectures delivered before the 
Royal College of Physicians in March 1871. 
By Charles West, M.D. Crown 8vo. 5s. 

Lectures on the Principles and 

Practice of Physic. By Sir Tho.yus Wat- 
son, Bart. M.D- Physician-in-Ordinary to 
the Queen. Fifth Edition, thoroughly re- 
vised. 2 vols. 8vo. price 3Cs. 

Lectures on Surgical Pathology. 

By Sir James Paget, Bart. F.R.S. Third 
Edition, revised and re-edited by the Author 
andProfessorW. Turner, M.B. Svo.with 
131 Woodcuts, 21s. 

Cooper’s Dictionary of Practical 

Surgor}' and Encyclopeedia of Surgical 
Science. Nbyv Edition, brought doYVii to 
the*pre.sent time. By S. A. Lane, Surgeon to 
St. Mary’s Hospital, Jtc. assisted by various 
Eminent Surgeons. Yol. II. 8vC).*- com- 
pleting the Yvork. [/a the press. 

On Chronic Bronchitis, especially 
as connected with Gout, Emphysema, and 
Di.seases of the Heart. By K. Hicadlam 
Greenhow, M.D. F.K.C.P. &c. 8vo. 7s. Gd. 

The Climate of the South of 

France as Suited to Invalids ; Yvith Notices 
of Mediterranean and other Winter Sta- 
tions. By 0. T. Williams, M.A. M.D. 
Pxon. Physician to the Hospital for C»>u- 
fiumption at Brorrpton. Second Edition. 
Crown 8vo. 6s. 

Pulmonary Consumption ; its 

Nature, Varieties, and Treatment : Yvitli .-ui 
Analysis of One Thousand Cases to exem- 
plify its Duration. By C. J. B. Williams^ 
M.U. F.R.S. and C. T. Williams, M.A. 
M.D. Oxon. Physicians to the Hospital for 
Consumption at Bronipton. Post 8vo. 
prioe 10s. 6d. 

Anatomy, Descriptive and Sur- 
gical. By Henry Gray, F.R.S. With 
about 410 Woodcuts from Dissections. Fifth 
Edition, by T. Holaies, MA. Cantab. With 
a New Introduction by the Editor. Royal 
8yo. 28s. 

The House I Live in ; or, Popular 
Illustrations of the Structure and Functions 
of the Human Body. Edited by T.G.Girtin, 
New Edition, with 25 Woodcuts. 16mo. 
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A System of Surgery, Theoretical 

and Practical, in Treaties by Various 
Authors. Edited by T. Hollies, M.A. &c. 
Surgeon and Lecturer on Surgery at 4Bt. 
George’s Ilospit.'d, and Surgeon-in-Chief to 
the Metropolitan Police. Second Edition, 
thoroughly revised, ivith numerous Illus- 
trations. 5 vols. 8vo. £5 5*. * 

Clinical Lectures on Diseases of 

the Liver, Jaundice, and Abdominal Dropsy. 
By C. MuuriiisoN, M.D. Physician to the 
Middlesex Hospital. Post 8vo. 'with 25 
Woodcuts, 10s. Gel. 

Physiological Anatomy and Phy- 
siology of Man. By the late R. B. Todd, 
M.D.'f.R.S. and W. Bowman, F.R.S. of j 
King’s College. With nuinerous Illustra- i 
tions. A^)^. II. 8vo. ‘Jo.'.'. 

V«)L. I. Now Edition by Dr. Lionel S. 
Bkai.e, F.R.S. in course of jmblieation, 
with iiutuerous Illn.^tratioiis. Patits f 
and 1 1. i>rice 7s. (It/, eneli. 


Outlines of Physiology, ^Human 

and Comp/lrative. By John Marshall^ 
F.R.C.S. Professor of Surgery in University 
College, London, and Surgeon to the Uni- 
versity College Ilospitnl. 2 vols, crown 8vo. 
with 122 Woodcuts, 32if. 

Copland’s Dictionary of Praotioal 

Medicine, abridged fr#n the larger work, 
and throughout brought down to the |fre- 
sent state of Medical Science. 8vo. 365. 

Dr. Pereira’s Elements of Materia 

Medica and Thera] )cutics, abridged and 
adapted for the use of Hk'dical and Phar- 
inaeeutifal Fra('titit)ncrs and .Students ; and 
cojn])ri.sing all tin* Medicines of the BruiSfr ' 
l*liann;u*op(i‘i:i, uitli sucli others as arc 
fre(|uently ordered in Prescriptions or re- 
<|iiired by the Fh'^ieian. Edited by Pro- 
Assor IJiA’tiAiv, F.L.S. Ae. ami by Dr. 
Kkdwo<u», F.C.S. /ie. With 125 Woodcut 
Illustrations. 8vo. jirice 25.s’. 


The Fine Art^, aud ^Illustrated Editions. 


In Fairyland ; Pietun s from the Elf- , 
World. Hy Kh iiaud Doyle. AVitli a 
Poem by W. Ai.T,iN<iKA.M. With Si.xteen 
Plates, containing Thirty-six Dc.signs 
])rinted in Colours. Folio, 315. 6</. 

Albert Durer, his Life and 

Works ; including A utobiograpliical Papers 
and Complete Catalogues. By William 
B. ScDTT. With Six Ihehings by the | 
Author and other Illn.-^trations. 8vo. IGs. 

§ 

Half-Hour Lectures on the His- 
tory and Praetiec of the Fine aud Orna- 
mental Arts. By. W. B. Scott. Second 
Edition. Crown 8vo. Avith 50 Woodcut 
Illustrations, 85 . Gd. 

The Chorale Book for England: 

the Hymns Translated by Miss C. Wink- ’ 
AVORTii; the Tunes arranged by Prof. W. 

S. Bennett and Otto Goi.dsciimidt. 
Fcp. 4to. 125. Gd. 

The New Testament, illustrated with 
Wood Engravings after the Early Masters 
chiefly of tlic Italian School. CroAvn 4to. 
635. cloth, gilt top ; or £5 its. morocco. 

The Life of Man Ssrmbolised by 

the Months of the Year in their Seasons 
and Phases. Text selected by Richard 
P iGOT. 25 Illustrations on Wood from 
Original Designs by John Leighton, 
F.S.A. Quarto, 425. • 


Cats’ a^d Farlie’s Moral Em- 
blems; ^vith A()horisnis, Adages, and Pro- 
vdbsofall Xaticifis: coinpri^ng 121 Illus- 
trations Wood by J. Leioiiton, F.S.A. 
Avith n])propriate Text by R. Pigot. 
Imperial 8v<). 315. Or/, 

Sacred and Legendary Art. By 

Mrs. Ja.aieson. G vols. square croAvn 8vo. 
j)riec £5 J 05 . Gel. as folloAvs ; — 

Uegends of the Saints and Martyrs. 
New Editiim^ with 10 Etchings and 187 
WiM)deut7. 2 A'ols. piiee 3 Is. Gd. 
liOgends of the Monastic Orders. New 
Edition, Avith 1 1 Ktehuigs and 88 Woodcuts. 
1 vol. price 215. 

liOgends of 4he Madonna. New Edition, 

with 27 Eteliings and 165 'Woodcuts. 1 
vol. price 215. 

The History of Our Lord, with that of His 
Types and IVecursors. Completed by Lady 
Eastlake. Revised Edition, vrith 13 
Etchings and 281 Woodcuts. 2 vols, 
price 425. 

Lyra Q^rmanica, tho Christian Year. 
Translated by Catherine Winkworth, 
with 125 lUusfrations on Wood drawn by 
J. Leighton, F.S.A. Quarto, 2 I 5 . 

Lyra Germanioa. the Christian Life. 
Translated by Catherine Winkworth ; 
Avith about 200 >^09dcut Blustratlons by 
J. Leighton, F.S.A. and other Artists. 
Quarto, 2U. 
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IbtqrdqMdbi BtAreibi- 

tcetiti%idai««Knr» 1,600 TlToodcnef. mh 
with Alterations and considerable 
Additions, by Wyatt Papwobth. 8vo. 
indce 52 s. M. 

• 

A. Manual of Architecture : being 

a Concise History and Explanation of the 
principal Styles of European Architecture, 
Ancient, M^ijoval, and Renaissance ; ndth 
their Chief Vqs'iations and a Glossary of 
Technical Terms. By Tnoji.v.s MiTCiiKcn. 
^ith 150 Woodcut.^. Crown 8vo. 10s. Gd. 

History of the Gothic Revival; 

an Attempt to !-liew l.rw lar the taste for 
Mediaeval Archiiocturo was* retained in 
Kngland during the last tw'o conturka, and 
h.aa been rc-develuped in the present. By 
0. L. Ea.sti..Mv 1 % Architect. With 48 
Illustration.^ ('GG full size of page). Im- 
perial 8vo. price ills. G J. 

Hints on Household Taste in^l 

Furniture, Upholstery, and other Details. ' 
By CiiAiu.KS L. I'.AsTLAKK, Architect. 
Second Edition, with .about 00 Illustrations. 
S(iuttrc crown 8vo. 1 8s. ^ ' 

Lathes and Turning, Simple, Me- 
chanical, and Ornamental. By W? Hknuy 
Noutik'Ott. With abo\jt 240 Illustrations 
on Steel and Wood, 8vo. 18.s. 

Principles of Mechanism, designed 
for the use of Studcut.s in the Universities, 
and for Engineering Students generally. 
By R. WiLLi.s, M.A. F.R.5. &c. Jacksonian 
Professor in the Uni v. of Cambridge, Second 
l''.(lilion ; with 374 Woodcut'S. 8vo. 18s. 

Handbook of Practical Tele- 
graphy. By R. S. Cui.Li'fi, Meinb. Inst. 
t’.M Engineer-in-Ghiof of Telegraphs to 
till* Post-Office. Fifth Edition, revised and 
enlarged ; with 118 Woodcuts and 0 Plates. 
Svo. price 1 Is. 

Tiro's Dictionary of Arts, Manu- 

facturc.s, and Mines. Sixth Edition, re- 
written and greatly enlarged by Robert 
Hunt, F.R.S. assisted by numerous Con- 
tributors. With 2,000 lyoodcuts. 3 vols. | 
medium 8vo. £4 14s. GJ. 

Catechism of the Steam Engine, 

in its various Applications to Mines, Mills, 
Steam Navigation, dl&ilwnys, and Agricul- 
ture. By John Bourne, C.E. New Edi- 


Mam/actum, 

^ xiprolopedia of Civil Engineer. 

ing, Historical Theoretical, and Practical. 
By E. Ckesy, C.E. With above 3,000 
Woodcuts. t6vo.42s. 

Treatise on Mills and M:mwork. 

By Sir W. FAinnAinx, Bart. F.R.S. New 
Edition, with 18 Plates and 322 Woodcuts. 
2 vols. 8vo. 32s. 

Ilsefiil Information for Engineers. By 

the same Author. First, Second, and 
Tiiini) Series, w'ith many Plates and 

Woodcuts. 3 vols. crown 8vo. lOxCt/. each. 

• 

The Application of Cast and Wrought 
Iron to Building Purposes. By the same 
Author. Fourth Edition, w'iLh G Plates and 
118 Woodcuts. 8 VO. ICa-. 

Ron Ship Building, its History 

and Progres.s, as comprised in a Series of 
Experimental Rescarehc-s. By Sir W. Fair- 
BAIRN, Bart. F.R.S. With 4 Plates and 
130 Woodcuts, 8 VO. JS.v. 

A Tr6atis0 on the Steam Engine, 

ill its various Applications to Mines, Mills, 
Steam Navigation, Raihvnys, and ’Agri- 
culture. By J. Boirne, O.E. New' Edition ; 
W’ith 1‘ortrait, 37 Pbiles, and DIG Woodcuts. 

4 to. 4’2.'{. 

Recent Improvements in the 

Steam-Engine. By John Boriisi:, C.E. 
New' Edition, including many New Ex- 
amples, W'ith 121 Woodeuts. Fep. 8vo. G.?. 

Bourne’s Examples of Modern 

Steam, Air, and Gas Engines of the most 
Approved Types, as employed furPum|.>ing, 
for Driving MnchiJicry, for Locomotion, 
and for Agriculture, minutely and prac- 
tically described. In course of publication, 
to be comitlctcd in Twenty-four Parts, price 
2s. Gff. each, forming One Volume, with 
about 50 Plates and 400 Woodcuts. 

A Treatise on the Screw Pro- 
peller, Screw Vessel.'?, and Scrciv Etigiuc.s, 
n.s ailaptcd for purposc.s of Peace and War. 
By John Biunxi:, C.E. Third E<lition, 
with 54 Plates and 2S7* Mbn-dcuts. (y.sarlo, 
pi’icc G3y. 

Handbook of the Steam Engine. 

By Jdmx lioniNK, C.E. forming a Kev to 
the Author’s Catecliism of the Skani Engine. 
With 07 Woodcuts. Fi p. 9s. 

A History of the Machine- 

Wrought Hosiery and Lace Manufactures. 
By WiM.iAM Fki.kix, F.L.S. F.S.S. With 
several lyustrations. Royal 8vo. 21s. 



NEW WORKS PUBLISHED BY LONGMANS and CO. 


Id 


Mitchell’s Manual of Praotioid 

Assaying. Third Edition for the most part 
re-written, with all the recent Discoveries 
incorporated. By W. Crookes, r.R%. 
With 188 Woodcuts. 8vo. 28s. 

The Art of Perfumery ; the History 

and Theory of Odours, and tSe Methods of 
Extracting the Aromas of Plants. By Dr. 
PiEssE, F.C.S. Third Edition, with 63 
Woodcuts. Crown 8vo. 10s. 6<i. 

Bayldon’s Art of Valuing Rents 

and Tillages, and Claims of Tenants upon 
Quitting Farms, both at Michaelmas and 
hady-Day. Eighth Edition, revised by 
J. C. Moktox. 8vo. lOjf. 

On the Manufacture of •Beet- 

Koot Sugar in England and Ireland. By 
William Crookes, F.R.S. With 11 Wood- 
cuts. 8vo. 8s. (jrf. 


Practical treatise on Metallurgy, 

adapted from the last German Edition or 
Professor Kerl’s Metallurgy by W. 
Crookes, F.R.S. &c. and E. RdiiRro, 
Ph.l). M.E. 3 vols. 8vo. with *020 Wood- 
cuts, price £i 10s. 

Loudon’s Encyclcmeedia of Agri* 

culture; comprising the Laying-out, hn- 
provement, and Management of Landed 
Property, and the Cultivation and Economy 
of the Productions of Agriculture. With 
1,100 Woodcuts. 8vo. 21s. 

• 

Iioudon’s Enoyclopoedia of Gardening : 
comprising the Theory and PractiosHe^ 
Horticulture, Floriculture, Arboriculture, 
and Landscape Gardening. With 1,000 
Woodcuts. 8vo. ‘4^s. 


Religious and 

Authority and Conscience ; a Freo 

Oobatc on the Tendency of D^matic 
'I'lieology and on the Cbaracteriltics of 
Faith. Edited by Conway Mouki,. Post 
8\^T7 .s. Gd. 

Reasons of Paith ; or, the Order of the 
Christian Arguiuont Developed and Ex- 
plained. By the L’ev. G. S. Drew, M.A. 
Second Edition, revised and enlarged. Fep. 
8vo. Gs. 

Christ the Consoler; a Book of Com- 
fort for the Sick. With a Prefiicc by the 
Right Rev. the Lord IJisliop of Carlisle. 
Small 8vo. Gs. 

The True Doctrine of the Eucha- 
rist. By Tiiosias'S. L. Y<)<iAN, D.D. 
(-anon and Prebemdary of Chichester and 
Rural D.an. 8vo. ISs. 

The Student’s Compendium of 

the Book of Common Prayer ; being Notes 
Historical and Explnnatorj’’ of the Liturgy 
of the Church of England, By the Rev. il. 
Allden Xasii. Fcp. 8vo. price 2#. Gd. 

Synonyms of the Old Testament, 

their Bearing on Christian Faith and Prac- 
tice. By the Rev. IbmERT B. Girdle- 
sTONK, M.A. 8 VO. price 155. 
Fundamentals; or, Bases of Belief 
concerning Man and God f a Handbook of 
Mental, Moral, and Religious Philosophy. 
By the Rev. T. Griffith, M.A. 8vo. 
price 105. Cd. 

An Introduction to the Theology 

of the Church of England, in an Exposition 
of the Thirty-nine Articles. IJj' the Rev. 

T. P. Boui.tbee, LL.D. Fcp. 8vo. price 6s„ 


Moral Works. 

Christian Sacerfiotalism, newt ( I 
from a Layman’s standpoint or tried 
% Holy Scriptun' and flic. Early Fathers ; 
tvith a short Sketch of the State of tlie 
Church from the end of the Third to tlu* 
Ref(>rma4ion in the beginning of the Six- 
teenth Century. By .Iohn Jardim-:, M.A. 
LL.D. 8vo. 85. 9d. 

Prayer^ Selected from the Col- 
lection of the late Baron Bunsen, and 
Translated by Catherine Winkworth. 
Part I. For the Family. Part 1 1. Prayers 
ami Meditations for I’rivate IV. Fcp. 
8vo. price 35. Gd. 

Churches and their Creeds. By 

the Rev. .Sir rJiiLiP Pkrrino, Bar*, late 
Scholar of Trin. Coll. Cambriilge, ami 
University Medallist. Crown 8vo. 10.v. Gd. 

The Truth of the Bibl ” klcnce 

from the lliosaic and other rds of 

Creation ; the Origin and lity of 

Man ; the Science of Scriptn d from 
the Archaeology of Different J of tin* 
Earth. By the Rev. B. W. ? M.A. 

Crown 8vo. 7s, Gd. 

Considerations on the xvu vision 

of the English New Testament. By C. d. 
Kllicott, D.D. Lord Bishop of Gloucester 
and Bristol. Post 8vo. price 55. Gd, 

An Exposition of the 39 Articles, 

Historical and Doctrinal. By E. H.vroli> 
Brow’^nk, D.D. Lord Bishop of Ely. Ninth 
Edition. 8vo. IG 5 . « 

Ezamination-Questlons on Bishop 
Browne’s Exposition of the Articles. By 

ftlhe RftV„ X, IViwm 3,f Gdl 



u 


NEW WORKS PUBLISHED BY LONGMANS an6 CO. 


The \5Dyage and Shipwreck of 

St, Paul; ■with Dissertations on the Ships 
and Navigation of the Ancients. By Jambs 
Smith, F.R.S. Crown 8vo. Charts, 10s. Gcf. 


A Critical and Grammatical Com- 
mentary on St. Paul’s Epistles. By C. J. 
Ellicott, D.D. Lord Bishop of Gloucester 
Ad Bristol. 8vo. 


The Lif6 and Epistles of St. 

Paul. By the Rev. W. J. Conybeake, 
M.A. and the Very Rev. J. S. IIowsox, 
D.D. Dean of Chesijpr. Three Editions : — 
"Liim'UY Ehitiox, with all the Original 
Illustrations, Maps, Landscapes on Steel, 
Woodcuts, &c. 2 vols. Ito. 48.s. 

iNTEiniEinATE Editiox, with a Selection 
of Maps, l*latc|, and Woodcuts. 2 vols. 
square crown 8vo. 31«. M. 

— ijtudknt’s Edition, revised and con- 
densed, with 40 Illustrations and Maps. 1 
vol. crown 8vo. 9». 

Evidence of tho'' Truth of the 

Christian Religion derived frdm tlic Literal 
Fullilment of l‘rophecy. By Ai.exandek 
K KITH, D.D. 37th Edition, with numcroua 
Plates, in s{iuarc 8vo. 12ft’. 0</.; also the 
39th Edition, in post 8vo. with 5 I’lates, Oft. 
The History and Destiny of the World - 
and of the Churcli, aceording to Scripture f 
By the same Author. Square 8vo. with 40 
Illustrations, 10ft. 

The History and Literi^turo of 

the Israelites, according to the (lid Testa- 
ment and the ApociS'pha. By C. Dk 
Rotji.sciiild and A, 1 )k IhuiiisciiiLD. 
Second Edition. 2 vols. crown Hvo. 12*’. Of/. 
Voii. I. The Historical Books^ 7ft. M. 

Yen.. 11. 'The Tropht tic (tnd Poetical ITritingSy 
price ,0ft. 

Aliridged liditioii, in 1 v«i]. fcp. 8vu. 3.S. Otf. j 

Ewald’s History of Israel to the j 

Death of Moses. Traii.slat^d from the tier- | 
man. Edited, with a Preface 'and an Ap- j 
pendix, by Ri'sskkk Mautinkau, M.A. | 
Si'cond Eilition. 2 vols. 8vo. 21ft. Vols. III. 
and IV. edited by ,1. E. CAUi*ENri:i:, M.A. 
j)riee 21 .v. 

The See of Borne in the Middle 

Ages. Bv the Rev. Oswald J. Reiliikl, 
B.C.L. and M.A. 8vo. 18ft. 

The Pontificate of Pius the Ninth ; 

being the Third Edition, enlarged and 
continued, of ‘ Rome and its Ruler.’ By 
J. F. Maguiue, M.P. Post 8vo. Portrait, 
price 12ft. 6</. 

Ignatius Loyola and the Early 

Jesuits. By Stewart Rose New Edition, 
revised. 8vo. with Por.trait, 16ft. 

An Introduction to the Study of 

the New Testament,^ Critical, Exegetical, 
and Theological. By the Rev. S. Davidson, 

1D.D„ *> veils, 8vo„ 


Galatians, Fourth Edition, 8ft. CrJ. 
Ephesians, Fourth Edition, 8ft. 

Pastoral Epihtles, Fourth Edition, 10ft. M. 
Philippians, Colossians, and Philemon, 
Third Edition, 10s. 6d. 

Thessolonians, Third Edition. 7s. 6r2. 

Historical Lectures on the Life of 

Our Lord Jesus Christ : being the Hulsean 
Lectures fur 1859. By C. J. Elkicott, D.D. 
Lord Bishop of Gloucester and Bristol. 
Fifth Edition. 8vo. 12s. 

TheGreek Testament; withNotes, 

Grammatical and Excgelical. Bj*^ the Rev. 
W. Webstek, M.A. and the Rev. W. F. 
I^WiLKixsoN, M.A. 2 vols. 8vo. £2. 4ft. 

Horne’s Introduction to the Cri- 
tical Stufly and Knowlctlge of the Holy 
Soripturea. Twelfth Edition ; with 4 Maps 
and 22 Woodcuts. 4 vols. 8vo. 42ft* 

The ^Treasury of Bible Know- 
ledge; being a Dictionarj' of the Books, 
Persons, Places, Events, a»id other Maftors 
of which mention is made in Holy Scrip- 
ture. By Rev. J. Ayue, M.A. With 
IMaps, 15 Plates, and numerous Woodcuts. 
Fcp. 8 VO. Gft. 

Every-day Scripture Difficulties 

explained and illustrated. By J. E. Pkes- 
C'oi'T, M.A. 1. Nntthcio aniX MurJi\ ll. Luke 
and John. 2 vols. 8\'0. i)rice 9ft. each. 

Th9 Pentateuch and Book of 

Joshua Critic.dly Ex*nniiiod. By the Right 
Rev. J. W. CVjlkxsd, D.D. Lord Bishop of 
Natal. Crown 8\'o. price 6ft. 

Paiu' ah. The Later J.egi^lation of the 
Pentateurh. 8vo. 21s. 

The Formation of Christendom. 

By T. W. Allies. Parts I. and II. 8vo. 
price 12ft. each. 

Four Discourses of Chi^sostom, 

chiefly on the parable of tlie Rich Man and 
L.-izarus. Translated by F. Allen, B.A. 
Crown 8 VO. ,3ft. Gd. 

Bishop Jeremy Taylor’s Entire 

Works; with Life by Bishop Heber. 
Revised and corrected by the Rev. C. P. 
Eden. 10 vols. £5. 5ft. 

England and Christendom. By 

Archbishop M.vnnino, D.D. Post 8vo. 
ipiice 10ft^6cf. 
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Thoughts for the Age* By Elizabeth 
M. Sewell, Author of *Atny Herbert.’ 
New Edition. Fcp. 8vo. price 5s. 

Passing Thoughts on Heligion. By the 
same Author. Fcp. 3s. Grf. 

Self-examination before Confirmation. 

By the same Author. 32ino* Is. 6f7. 

Thoughts for the Holy Week, for Young 
' Persons. By the same Author. New 
Edition. Fcp. 8vo. 2s. 

Headings for a Month Preparatory to 

Confirmation from Writers of the Early and 
English Church. By the same. Fcp. -Is. 

Readings for Evei^ Day in Lent, com- 
piled from the Writings of BLdiop-JiuiEMY 
Taylou. By the same Autlior. Fcp. r)s. 

Preparation for the Holy Communion; ^ 

the Devotions cliiclly from the works of j 
Jeremy Tavi.ou. By the same. 32ino. 3s. | 

Principles of Education drawn from I 
Nature and Bcvelation, and Applied to j 
Female Education in the rp]tor Classes, j 
By the same Author. 2 vols. IVp. 12s. (W. 


Singers %Qd Songs of the Qhuroh, 

being Biographical Sketches of the Hjrmir- 
Writers in dl the principal Collections; 
with Notes on their Psalms and Hymns. 
By JosiAii Miller, M.A. Post 8yo. 10s. 6rf. 

‘ Spiritual Songs ’ for the Sundays 

and Holidays throughout the Year. By 
J. S. B. Moxskll, .1). Vicar of Egham 
and Rural Dean. Fourth Edition, ^xth 
Thousand. Fcp. price Is. 6t/. 

The Beatitudes. By the same Autlior. 
Third Edition, rensed. Fcp. 3.s. Gtl. 

Hia Presence not his Memory, 

By the same Author, in rtomory of liis Sox. 
Sixth Edition. Ifimo. Is. 

Lyra Germanica, translated from tlm 
(Jermaii l>y Miss C. Winkwouth. First 
Series, tlie C/iristiint year, Hymns for the 
Sunday's ai^d Chiif Fc.stivals of the Church; 
SkcoM) Series, the Christiaii Life. Fcp. 
8vo. price ds. Cxi. each Skrie.s. 

Endeavours after the Christian 

LilV ; Discourses. James Martixeau. 
Fourth I'Milioii. Post 8vo. prit’c 7.v. Cd. 


Travels, Voyatjes, ij’c 


How to See Noi-way. Hy Captain i 

J. K. Camimiei.e. AVitli Map ami 5 Wood- | 
cuts. Fep. H\ o. price os. j 

Pau and the Pyrenees. By Count j 

Henry Ki ssei.e, Memli( r of the j^pinc j 
Club. With 2 Mapi. Fcp. 8vo. price os. \ 

Scenes in the Sunny South; In- 
cluding the Atlas ^Mountains and the Oases 
of the Sahara in Algeria. By Lieut.-Col. 
the Hon. C. S. Vereker, M.A. Com- 
mandant of tlie Limerick Artillery ^lilitiu. 

2 vols. po.st 8 VO. price 21 s. • 

Hours of Exercise in the Alps. 

By Jons Tynmiall, LL.T)., F.R.S. Second 
Edition, with Seven W oodcuts by E. Whym- 
per. Crown 8vo. price 12«. Orf. 

Travels in the Central Caucasus 

and Basban, including Visits to Ararat and 
Tabreez and Ascents of Kalkbek and Elbruz. 
By Douglas W. Fresiifield. Square 
«own 8vo. with Maps, &c., 18s. 

Cadore or Titian’s Country. By 

JosiAii Gilbert, one of the Authors of the 
* Dolomite Mountains.’ With Map, Fac- 
simile, and 40 Illustrations. Imp 8vo. 31s. Gd 


Tho Playground of Europe. By 

Le.'>lie Sji.j'urv, J.'itc I’rc'-Meiit of the 
AIjiinc ( hib. W'itii llllujilr.itioiis on W'ood 
by E. >N'j)ymper. Crown tSvo. 10s. Gi/. 

Westward by Rail; ih»‘ New Route 
tothcEiift. In- W. F. Uae. Se find Edition, 
Post Bvo. with Map, price lOx. fid. 

Zigzagging amongst Dolomites; 

with mure than 30() Illustrations by the 
Author. IV the Author i>f ‘How we Sjient 
Ifie Summer.’ Oblong Ito. price 15s. 

The Dolomite Mountains. Excur- 
sions through Tyrol, Carinthia, Carniola, 
and Friuli. By J. Giehert and G. C. 
(UiuiK HIRE, F.ll.ti.S. With numerous 
Illustrations. Square crown 8vo. ‘21*. 

How we Spent the Summer; or, 

a Voyage en Zigzag in Switzerland and 
Tyrol with scone Members of the Alpine 
Club. Third Edition, re-drawn. In oblong 
4to. with about 300 Illustrations, 15s. 

Pictures in Ty^ol and Elsewhere. 
From a Family Slfttch-Book. By the 
some Author. Second Edition. 4to. with 
many Illustrations, 219. 
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TheAlpinb dub Hapof the Chain 

of Mont Blanc, fh>zn an actaal Snrv^ in 
1803—1864. By A. Adams -Reilly, 
F.R.G.S. M.A.C. Ii^Cliromolithography on 
cxka stout dTawing paper 28m. x 17m. 
price lOs. or mounted on canvas in a folding 
case, 12«. Gd. 

History of Discovery in onr 

Australasian Colonies, Australia, Tasmania, 
and New ZealaiuV from the Earliest Date to 
the Piesent Day. By Wii.lia.^i Ilowirr. 
i; r^ls. 8vo. with 3 Maps, 20». 

Visits to Eemarkable Places: 

C)ld Halls, Battle-Fields, and Scenes illus- 
trative of strildng Pawages in English 
History and Poetry. By the &«ine Author. 
2 vol^. square crown 8vo. with Wood En- 
gravingN 2as. 


to tt»e Vsxama, &r the u«e 
tf Mmmttiiueta. Bjr Chablbs Packb. 
OMond Bdidon, withMaps, &c. and Appen- 
dft. Crown 8vo. 7a. 

The Alpine Guide. By Joek :bau, 

If^IX lute President of the AIjnnc CIuli. 
Post SrOeWitlfMaps and other Illustrations. 
Guide to the Eastern Alps, price ]0j.C(/. 
Guide to the Western Alps, including 
Mont Blanc, Monte Rosa, Zermatt, &c. 
price 6s. 6d 

Guide to the Central Alps, including 
all the Oberland District, price 7s. Gd 

Introduction on Alpine Travelling in 
general, and on the Geology of the Alp^, 
price l«f Either of the Three Volumes or 
Parts of the AHpine Gaide maybe had with 
this Intboduction prefixed, price Is. extra 

The Eural Life of England. 

py William Huwitt. Woodcuts nv 
Bewick and Williams. Medium Bvo. 1 2s. Or/- 


JVbrh of Fiction. 


Popular Bomances of the !tiiddle 

^ .ICS. By Gkoum. W. C *v, M.A. Author 
( { ‘llic Mythology of the Aryan.JKations * 
Ac. aiulEisiAd lliMox Jom.h. '"Crown 
Bvo. 10s. Gd. 

Hartland Forest ; a Ijcgeud of North 
Divoii. By Mrs. Bi:iv, Author of ‘The 
Wiiitc Ilood^’ ‘Life of Stothard,’ Ac. Po-'t 
8vo. with Frontispiece, 4s. Gd. 

Novels and Tales. % the Riglit 
Hon. Bojamix Disrakli, M.P. Cabinet 
I'.ditions, complete in Ten Volumes, crown 
8vo. price 6s. each, as follows : — 

Lot II MU, Gs. I Venkti 6». 

CoMNo^iiY, 6s. I AlroYjIxiox, Ac. 6s. 
S\nir., 6s. Young Di kk, Ac. 6s. 

Tanc uki>, Gs. ATvian Guky, Gs. 

CosTARiNi Fleming, &c. 6s. 
IIknriktta Temple, 6s. 

A Visit to my Discontented Cou- 
sin. Keprinted, with some Additions, from 
/ Vffser’s Magazine, Crown 8vo. price 7s. 6d. 

Stories and Tales. By E. M. Sbweli. 

(’omprising Amy Herbert] Gertrude; the 
Furl's Daughter ; the Experience of JAfe ; 
Cfeve Hall; Ivors ; Katharine Ashton ; 3/ar- 
gnret Percival ; Lanetqn Parsonage ; and 
Ursula. The Ten'Works complete in Eight 
Volumes, crown 8vo. bound in leatber'hnd 
contained in a Box, price Tw'o Gtinkas. 


Ow Children’s Story. By One of 
thei^ Gossips. Byj tJie Author of ‘ Voyage 
en Zigzag,’ Ac. Small *4to. with Sixty 
Illustrations by the Author, price 10s. 6i/ 


Cabinet Edition, in crowm 8vo. of 
Stories and Tales by Mi'?s Skwi'.ll - 


Amt Herhert, 2s. Gd. 
Gkrtruoe, 2s. 6f/. 
Earl’s Daughter, 


Katharixi: Ash i ox, 
3s. GJ. 

Margaret Plr( i- 


2s. id. 

Experience of Life, 
2s. Gd. 

Cleve Hall, 3s. Gd. 
Ivors, 3s. 6rf. 


nai., bs. 

diANETON PaR''OX- 
AOE, .Os. Gd. 
Ursula, 4s. 6r/. 


A Glimpse of the World. Fcp. 7s. c,J. 
Journal of a Home Life. Post Svo.9s.6L 
After Life ; a Sequel to the ’Journal of a Home 
Life.’ Post 8vo. 10s. 6rf. 


The Giant ; a Witch’s Story for English 
Boys. Edited by Miss Sew'kll, Author of 
* Amy Herbert,’ &c. Fcp. 8vo. price os. 


Uncle Peter’s Fairy Tale for the XlXth 
Centur}L By the same Author and Editor. 
Fcp. 8vo. 7s. Gd. 

Wonderful Stories from Norway, 

Sweden, and Iceland. Adapted and an’anged 
by Julia Goddard. With an Introductory 
Essay by the Rev. G. W. Cox, M.A. and 
Six lUustrotions. Square post 8vo. 6s. 



IThe Modem STovelifit’s Libra^. 

Each Work, in crown 8yo. complete in a 
Single Volume : — 

Melville’s Gladiatoks, 2s. boards ; 
cloth. 

— ■ Good for Notiiixo, 2s. boards; 

2s. 6<f. cloth. 

HoLMUY Ilousai^ 2s. boards; 

2s. 6d. cloth. 

Interpreter, 2s. boards; 2s. Gc?. 

f cloth. 

- Kate Coventry, 2s. boards ; 

2s. 6</. cloth. 

Queen’s Maimks, 2s. boards; 

2s. 6d. cloth. 

Tr«)Llope's Warden, Is. Qd. Ijoards; 2s, 
doth. 

Baroiiester Towers, A‘. boards; 

2s. M. cloth. 

B.ramley-Moore’s Si.x Sisters oe the 
Valleys, 2s. boards; 2s. Ct/. doth. 

e- 


leme ; a Tale. By Wi^Stbtart TncNCiri 
Author oUt Realities of Irish Life# Second 
Edition. 2 vols. post 8vo. price 215. * 

The Home at Heatherbrae; a 

Tale. By the Author of ‘E verify.* Fcp. 
8vo. price 55. 

Becker’s Gallus ; or, Roman Scenes of 
the Time of Augustus. Post 8vo. Ts. 6rf. 
Becker’s Chariots: Illustrative of 
Private Life of the Ancient Greeks. TPost 
8vo. 75. 6«f. 

Tales of Ancient Greece. Cy Gkorok 

W. Cox, M.A. late Scholar of Trin. Cull. 
Oxford. Crown 8vo. price 0.v. »>//. 

Cabinet Edition of Novels and 

Talcs by G. J. Whyte Melville;- 

DiGRY (iRAND, 5s. IIoLMBY IIOLSE, 5s. 
Kate Coventry, 5s ,Ql’Leii’s Mauh-s, 
General Hounce, 5.«c. The Interjt; . . li;, Hs. 

Go«n^i i(R Nui i-.ixc, prifr 


Poetry and The Drama, 


A Vision of Creation; a Poem, 

With an Introduction, (jcolo^^ical ^wCl Cri- i 
tical. By Cuthbert Colling WOOD, M.A. ^ 
fin»i B.M. Oxon. F.L.S. &c. Author of 
‘tlamblea of a Naturalist on the Shores and 
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Phillips. S<iuare fcp. 8vo. Gs. 
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Library Edition, Portrait & Vignette, Hs. 
Moore’s Lalla Bookh, Tenmcl’s Edi- 
tion, with 68 Wood Engravings from 
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the Author’s Inst Corrections and copyright 
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Gun, Dog-broaking, Pigeon-shooting, &c. 
By Marksman. Fcp. witli Pk'd^'s, 5s. 

A Book on Angling : being a Com- 
plete Treatise on the Art of Angling 
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By Ali'ri:!) Ronai.ds. With coloured 
Representations of the Natural and Artifi- 
cial Inscet. Sixth Edition, with 20 coloured 
Plates. Svo. Ms. 
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revised and enlarged b^^ C. Steel. Svo. 
■with Plates and Woodcuts, 18s. 
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The Greyhound. By the same Author. 
Revised Edition, with 21 Portraits of Grey- 
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The Theory and Rractiee of 

Banking. By Henry Dunning Macleod, 
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entirely remodelled. 2 voLs. 8vo. 30s. 
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tical, Theoretical, and Historical, of Com- 
merce and Commercial Navigation. New 
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to the Present Time ; with a Biographical 
Notice of the Author. Edited liy II. G. 
Bkip, Secretary to Mr. McCulloch for many 
years. 8vo. price G3s. cloth. 

Modern Cookery for Private 

Families, reduced to a System of Ea.^ 
Practice in a Series of carefully- tested Re- 
ceipts. By ICliza Acton. Newly revised 
and enlarged; with 8 Plates, Figures, and 
150 Woodcuts. Fcp. Os. 

A Practical Treatise on Browing ; 

with Eormidic for Piihlio Brewers, and in- 
stn».‘tions for J’rivate Families. By Vf. 
Black. Fiftli Edition. 8vo. 10s. ChI, 

Maunder’s Treasury of Know- 
ledge and Library of RetVn nce : comprising 
an Eiigli>h Dictionary and (Irammnr, Uni- 
versal. Gazetteer, Classical Dictionary, 
Chronology, Law Dictionary, Synopsis of 
the Pc'orage, Useful Tables, etc, Fcp. 6s. 
Chess Openings. By V. W. Lonowan, 
Balliol College, Oxford. Fq). 8vo. 25. Gd. 

Hints to Mothers on the Manage- 
ment of their Health during the Peri()d of 
Pregnancy and in tire Lyiiig-in Room. By 
Tfiojias Bull, M.D. Fcp. 5s. 

The Maternal Management of 

Children in Health and DLea.'-e. By Thomas 
Bull, M.I). Fcp. os. 


Digest of the Laws of England, Civil, 
Criminal, and Constitutional. Twenty-third 
Edition, corrected and brought up to the 
Present Date. Fcp. 8vo. price 7s. Gd. 

How to Hnrse Sick Children; 

containing Dircctionspvhich may be found 
of service to nil who have charge of* the 
Young. By Chari.es West, M.D. Second 
Edition. Fcp. 8vo. l5. Gd. 

Notea on Lying-In Institutions ; 

with a Proposal for Organising an Institu- 
tion for Training Midwives and Midwifery 
Nurses. By Flokkncuc Nigiitinc 
With .5 Plans. Square crown 8vo. 7.5. Gd. 

Notes on Hospitals. By Florence 
NKiTiTiNCALK. Tliird Edition, enlarged; 
with 13 Pl.fhs. Post 4 to. 185. 

Collieries and Colliers : a Handbook 
of the Law and Leading Cases relating 
thereto. By J. C. Fowleh, Barrister. 
Second Edition. Ecf*. 8vo. 75. Cd. 

Coulthart’s Decimal Interest 

I Tabh's at TAvenly-tbur Dillevont Rates not 
exceeding Five ])er Cent. Calculated for the 
use of JlnnUers. To which .arc added Com- 
mission^^Tal'les at Ono-oightli and Onc- 
foiirth per Cent. 8vo. 155. 

Willich’s Popular Tables for As- 

eertaiuiflg the Value of Lifehold, Leasehold, 
and Church Property, Renewal Fines, &e. ; 
the Public Funds ; Annual Average Price 
and Interest on Consols from 1731 to 1867 ; 
Clicmical, Geographical, Astronomical, 
'I'rigonometricnl Tables, &c. Post 8vo. 10s. 

Pewtner’s Comprehensive Specie 

tier; a G'liilc to the Practical Specilication 
of every kind of Bnilding-Artificer’s Work : 
with Formg of Building Conditions and 
Agreements, an Appemlix, Foot-Note.;, and 
Imhvx. Edited by W. Young. Architect. 

! Crown Svo.^J.v. 
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The Edinburgh Keview, or Cri- 
tical JourrniJ, published Quarterly in Janu- 
ary, April, July, and October. 8vo. price 
65. each Number. 

Notes on Books : An Analysis of the 
Works published during each Quarter by 
Messrs. Longmans Co. The object is to 
enable Bookbuyers to obtain such informa- 
tion regarding the various works as is usu- 
ally afforded by tables of contents and ex- 
planatory prefaces. ‘ito. Quarterly. Gratis. 


Fraser’s Magazine. Edited by Jame.s 
Anthgxy Erouoe, M.A. New Series, 
publi-shed on the l.-it of each Month. 8vo. 
price 25. Gd. each Number. 

The Alpine Journal ; A Record of 

Mountain Adventure and Scientific Obser- 
vation. By Members of the Alpine Club. 
Edited by Leslie Stephen. Published 
Quarterly, May 3],* A^g. 31, Nov. 30, Feb. 
28.^8vo. price l5. Gd. each Number. 



Knolcledge for the Young. 


TheStepptngStonetoEnowledge: 

Containing upwaixls of Seven* Hundred 
Questions and Answers on Miscellaneous 
Subjects, adapted to the capacity of Infant 
Minds. By a Morasn. New Edition, 
enlarged and im|ffd^ed. 18mo. price la. 

Vhe Stepping Stone to Geo^aphy: 

Containing sareral Hundred Questions and 
Answers on Geographical Subjects. 18mo. Is. 
The Stepping Stone to English History: 
Containing several Hundred Questions and 
Answers on the^istory of England. Is. 
iEhe^Stepping Stone to Bible Know- 
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tions and Answers on the Old and New 
Testaments. 18mo. 

The Stepping Stone to biography: 
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Women. 18mo. Is. 


Socond Series of the Stepping 
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of Eight Hundred Questions and Answers 
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the First SIries. 18mo. Is. 

The Stepping Stone to Erenoh Fronun*^ 
ciation and Conversation : Containing seve- 
ral Hundred Questions and Answers, lly. 
Mr. P. Sadler. 18mo. Is. 

The Stepping Stone to English Gram- 
mar : Containing several Hundred Questions 
and Afiswers on English Grammar. I’y 
Mr. P. Sadler. 18ino. Is. 

The Stepping Stone to NaturalHistoryr 
Vertebrate or Backboned Animai.s. 

^Part I. Mammalia ; Part II. Birds, Pirp ' 

1 tiles, Fishes. 18mo. Is. each Part. 
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